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PHYSIOLOGY 


THE INHIBITORY INFLUENCE OF THE BULBAR RETICULAR FORMATION 


AND ITS INFLUENCE ON THE SPINAL CORD 


S. M. Butkhuzi and S, P. Narikashvili 


From the Institute of Physiology, Georgian SSR Academy of Science, Tbilisi 


(Received March 27, 1958. Presented by Active Member of the AMN SSSR I. S. Beritashvili) 


Since the initial work of I. M. Sechenoy [2], a large number of investigations of the influence of the sub- 
cortical areas of the brain on the spinal cord and on motor activity generally have been carried out [1, 3, 6, 8, 


13, etc. ]. 


The work of Magoun and his co-workers [10, 11] has done much to stimulate interest in this problem. 
Using anesthetised and decerebrate preparations, they demonstrated the existence of a median region whose 
stimulation produced inhibition, and a lateral area which caused facilitation of spinal reflexes. They also found 
a facilitatory area of considerable extent in the diencephalon and mesencephalon. Many workers have sub- 
sequently, and quite rightly, critized Magoun's views on the exclusively generalized nature of the inhibition and 
facilitation. Thus, many of them [5, 16, and others], besides obtaining generalized inhibitory and facilitatory 
effects, have also found motor reactions involving reciprocal innervation, as well as various influences on mono- 
and polysynaptic reflexes. It appears that the reciprocal reaction is more typical of the stimulation of the 
reticular formation than is the inhibitory or facilitatory influence which, according to these authors, occurs only 
under conditions of reduced nervous activity resulting, for instance, from the action of anesthetics, or from the 


decerebration operation, 


Recently, Mandell and Bach [12], in experiments with electrodes implanted in the medial reticular forma- 
tion, have shown that the inhibitory effects on spinal reflexes can be observed only under anesthesia. Neither 
before or after the anesthetic, could any inhibition of these reflexes be obtained. Under these conditions, 

only movements of a more or less complex character were elicited. 


According to the most recent information concerning the function of the reticular formation, many central 
processes concerned in both normal and pathological motor activity may be considered from the point of view 
of the relations between regions of the brain stem which are known either to inhibit or to facilitate activity in 
the cord. For this reason, these problems deserve careful investigation. Is the inhibitory effect of the reticular 
formation on spinal cord activity the result of an artificial reduction, through the action of anesthesia, or sur- 
gical interference of the general functional condition of the brain, or does it occur under normal conditions ? 
We have undertaken the present investigation in order to solve this problem. 


METHOD 


The experiments were carried out on 15 adult cats under various depths of ether or chloralose anesthesia; 
for chloralose, we used from 5 to 60 mg/ kg; experiments were also carried out without anesthesia, 24-2 hours 
after an operation performed under ether. The quadriceps and semitendinosus muscles were prepared for record- 
ing, the peroneal nerve was stimulated, usually once per second; the skull was opened from behind for stimula- 

tion of the reticular formation of the medulla and midbrain. In some experiments, the cerebellum was removed, 
and in others it was preserved. The reticular formation was stimulated at a frequency of 150-300 shocks per 
second, and at a voltage of 0.5-5v, the duration of the stimulus being 0.5-1 milliseconds; bipolar electrodes 
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Fig. 1. Effect of stimulation of the medial region of 
the bulbar reticular formation on reflex contractions 
under ether anesthesia (10 minutes after administra- 
tion of ether was stopped). 

Curves, from above downwards: contractions of the 
quadriceps and semitendinosus muscles, Bottom line) 
depression of the trace indicates onset of stimulation 
of brain. Figures outside brackets and over the trace 
indicate the applied voltage, figures in brackets repre- 
sent the frequency, There is a well-marked gener- 
alized inhibition (of both antagonists) which develops 
at a stimulus of 2 and3 y. Facilitation of the reflex 
contractions occurring at the end of the stimulus is 
also quite well shown. With stronger stimuli of 8 and 
10 v, a tonic contraction of the muscles occurs. 


having a tip diameter of 20-25y were used, and the 
distance between them was 0.5 mm; they were 
placed in position by means of a stereotactic 
apparatus. From time to time, the effects of stim- 
ulation applied to the facilitatory or inhibitory 
regions of the reticular formation were superimposed 
on the rhythmical reflex contractions. 


RESULTS 
1. Experiments Using Ether Anesthesia 


If, immediately after administering the ether, 
when the animal is still fairly deeply anesthetized, 
a pair of electrodes are introduced into the medial 
bulbar reticular formation (an area which inhibits 
activity in the cord), and another pair into the mes- 
encephalic or pontile tegmentum or into the lateral 
part of the bulbar reticular formation (facilitatory 
region), then it can easily be seen that even with 
weak stimuli, inhibition (Fig. 1), or facilitation 
(Fig. 2, b, c) of the reflex contractions are readily 
obtained. 


In the case of small stimulating voltages at 
a low frequency, inhibition is obtained much more 
readily than facilitation, Also, the zone from which 
an inhibitory effect is obtained appears to be greater 
in extent, inhibitory points are easily found, while 
much searching is required to discover facilitatory 
ones. 


Even when the animal is beginning to recover 
from the anesthetic, if a slight increase of stimula- 
tion to an inhibitory area is given, it is often possi- 
ble to observe, in addition to the suppression of the 
reflex contractions, the development of tonic con- 
tractions, usually of a reciprocal type, in one or 
both of the muscles from which the recordings are 
made (see Fig. 1, Fig. 2, b, c). 


As the animal recovers from the anesthetic, 
first of all, the regular reflex contractions which 


have been occurring up till now under the influence of the anesthetic, become disturbed: in response to rhythmic 
stimulation of the peroneal nerve, the contractions show great variations in amplitude — at times being abnor- 
mally strong, and at others not occurring at all. Also, the inhibitory points are missing. The part of the brain 
whose stimulation under ether previously inhibited reflex contractions now exerts no inhibitory influence (see 

Fig. 2,a); stimulation of neighboring points is also without any inhibitory effect. 


Stimulation of the mesencephalic facilitatory region at this time is almost as effective as before, and with 
strong stimuli, tonic contractions of the muscles are readily evoked (see Fig. 2,b,c). When the effect of the 
anesthesia has worn off, it is very difficult to obtain a “pure” facilitation (i.e, an increase in amplitude of the 
reflex contractions without a tonic component); usually, any weak stimulus applied to those points, which at a 
certain depth of ether anesthesia brought about only an increase in the amplitude of the reflex contractions, now 
evokes movements, usually in both muscles and for the most part of the reciprocal type. 


2. Experiments With Chloralose Anesthesia 


In some experiments, 14-2 hours after ceasing to administer the ether, and after a detailed study of the 
effect of applying stimuli to different parts of the bulbar and mesencephalic reticular formation, small repeated 
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Fig. 2. Effect of stimulation of the mesencephalic 
and bulbar reticular formation on reflex contractions 
after recovery from ether anesthesia (same prepara- 
tion 14 hours after administration of ether was 
stopped). Recordings from muscles as in Fig. 1. 

a) Stimulation (horizontal lines under the curves) of 
the same inhibitory portion of the bulbar reticular 
formation as in Fig. 1; there is now no inhibitory 
effect; b) stimulation of the mesencephalic (facili- 
tatory) area; facilitation with tonic contraction; c) 
20 minutes later a further stimulus is applied to the 
same facilitatory area with different stimuli 
strengths; the arrow indicates spontaneous movements 
of the animal. 


doses of 5 mg/kg were given intravenously at inter- 
vals of 15-20 minutes. Between injections, the 
effect on the reflex contractions of stimulating many 
different points in the reticular formation was in- 
vestigated. In another set of experiments, step by 
step injection of the chloralose was carried out as 
follows. While the animal was under fairly deep 
ether anesthesia, the areas in the mesencephalon 
and bulbar reticular formation which gave clearly 
shown facilitatory and inhibitory effects on the re~ 
flex contractions were identified. The electrodes 
were then left in these positions, the animal was 
allowed to recover from the ether anesthesia, and 
the effects of stimulating these points was again 
found. (The results of this operation have been de- 
scribed above). Chloralose was then injected in 
doses of 5 mg/kg, or alternatively the depth of anes- 
thesia was immediately brought up to the required 
level by giving 20-25, 35-40, or 50-60 mg/kg of 
chloralose. The object of all these experiments was 
to find what dose of anesthetic was required to en~ 
able well-marked inhibitory effects to be obtained 
from the bulbar reticular formation, At the same 
time, a study was made of the effects of stimulation 
of the mesencephalic facilitatory area. 


The experiments showed that with doses up to 
15-20 mg/kg, the effect of stimulating the inhibi- 
tory region was the same as was described for the 
period when the animal was recovering from the 
ether; in other words, the reflex contractions were 
irregular, tonic contractions were frequently ob- 
served, and there was no inhibition of the spinal 
reflex. Only with doses of 15-20 mg/kg and above 
do the reflex contractions become regular, and at 
this time the inhibitory effect of stimulation of the 
medial bulbar reticular area becomes manifest. 


Thus, according to Sprague and Chambers 
[16], and Mandell and Bach [12], it is true that a 
certain level of anesthesia is, indeed, necessary in 
order to demonstrate the inhibitory effect of the 
bulbar reticular formation, Below this level, there 


is usually no inhibitory effect, and frequently stimulation of these points produces tonic motor effects. 


These results would appear to show that in the nonanesthetized animal, no inhibitory effect of the reticular 
formation is observed under normal conditions, and that such an effect is to some extent brought about by a 
certain deterioration of the condition of the brain under the influence of the anesthetic. However, we must en- 
quire what it is that occurs under the anesthetic; it could be that a new phenomenon takes place which is not 
found under normal conditions, or alternatively it might be that a certain level of anesthetic represents the con- 
ditions necessary for the development of a phenomenon which, under normal conditions, is masked by other 


processes of an opposite kind, occurring at the same time. 


Some information on this question is obtained from experiments in which, besides making observations on 
the inhibitory effect and its relation to the depth of anesthesia, we made a simultaneous study of the facilitatory 


effect of the mesencephalic reticular formation, These experiments showed that when the inhibitory effect was 
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Fig. 3. Marked relaxation and change in the facilitatory effect of the mesen- 
cephalic reticular formation on deepening chloralose anesthesia (same prepara- 
tion as in Fig. 2; chloralose - 35 mg/kg). a) Stimulus strengths of 3, 4, and 

5 v, which before anesthetizing caused a well-marked facilitation of reflex 
contractions (see Fig. 2, b) now cause no such reaction; weak facilitation, 
showing a marked reduction on repeating the stimulus, occurs only at a stimulus 
of 10 v; also, facilitation is observed only in the flexors, while the extensors 
simultaneously suffer a short transient inhibition; c) generalized inhibition 
occurs in full strength, but without subsequent facilitation. 


maximally developed, the facilitation induced by stimulation of the mesencephalic reticular formation was 
considerably reduced and finally vanished; at the same time it sometimes changed from a generalized facilita- 
tion to producing a reciprocal effect (Fig. 3,a). The inhibitory effect is maintained considerably longer, until 
the depth of anesthesia is deeper (50-60 mg/kg and above), with hardly any reduction, and only when the anes- 
thesia is still deeper is the activity in the cord reduced, or even eliminated. 


It may therefore be supposed that the absence of inhibition by the bulbar reticular formation in nonanes= 


thetized animals is due to the simultaneous tonic facilitatory effect of the reticular formation of the midbrain; 

this effect must be supposed to preponderate and so to prevent the manifestation of the inhibition. In the waking 
condition, especially during the early stages of anesthesia (at any rate judging by the increasing " activating” 
effect of the reticular formation on the electrical activity of the cerebral cortex), clearly, we are dealing with 
a state of strong excitation of the mesencephalic facilitatory region, From here a large number of impulses, 
which, as far as their motor effect is concerned are subthreshold, must pass along the ventrolateral columns 
of the cord [4, 14] to groups of internuncial and motor neurones, and so bring about a state of heightened ex- 
citability which hinders the manifestation of inhibitory effects. This may be due to the fact that at this time, 
any weak stimulus, even one applied to the inhibitory area of the medulla, first of all elicits tonic muscular 
contractions. However, as the effect of the anesthetic increases, the facilitatory influence of the mesencephalic 
region becomes reduced, the neurones of the spinal cord are to some extent freed from the constant facilitatory 
impulses, and it becomes possible for the weaker inhibitory effects from the bulbar region to develop. 


Thus, it must be possible for the reticular formation to exert a generalized inhibitory influence under 
normal conditions, It evidently takes part in various coordinated movements and behavior pattems, and may 
be of considerable importance, as when standing on guard, when, together with the "activation" of the cortex, 
the animal can be seen to stand in a fixed position. However, in most cases the inhibitory effect is considerably 
weaker than the facilitatory one. For it to be manifested, it is necessary that there should be some reduction or 
limitation of the descending facilitatory influence of the reticular formation, which can be obtained by the 
appropriate depth of anesthesia (see also [15]), or by a transsection in the mesencephalic facilitatory area; in 
order to demonstrate the ascending “activating” influence of the reticular formation on the electrical activity 
of the cortex, it is again necessary to produce a state of slow activity, and this is obtained by injecting a small 
dose of anesthetic, or by natural sleep. However, this does not constitute a reason to deny the importance of 
the ascending “activating” system under normal conditions of existence, or to doubt that such an influence does 
in fact exist. 
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SUMMARY 


Experiments were performed on intact cats. The authors studied the changes of the effects of direct elec- 
trical stimulation of mesencephalic facilitatory and of bulbar inhibitory areas onthe rhythmic reflex of antago- 
nists associated with development of ether and chloralose anesthesia. 


Experiments demonstrated that distinct generalized inhibition of antagonists, which is observed in condi- 
tion of ether anesthesia, disappears in 1,5-2 hours after the interruption of anesthesia, At this time the facili- 
tatory effect which is frequently associated with a tonic contraction is still pronounced. If the anesthesia is 
deepened gradually or at once (by intravenous injection of chloralose) the generalized inhibition of the reflex 
quivering is again manifested to its full extent after the administration of 15-20 mg/kg of body weight. At 
the same time the facilitatory effect of the mesencephalic reticular formation is greatly weakened, The inhibi- 
tory effect of the bulbar reticular formation appeared to be more resistant to anesthesia; it weakens and dis- 
appears only with the large concentrations of the drug (50-60 mg/kg and more), 


All this points to the following: 1) the mesencephalic facilitatory and the bulbar inhibiting areas possess 
different sensitivity and resistance to anesthetics, 2) the inhibitory effect of the reticular formation of the brain 
stem in nonanesthetized animals is obscured by its more significant facilitating effect on the spinal cord. 
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NOVELTY AS A STIMULUS OF SPECIAL REACTIONS 
E. F. Polezhaev 


From the Department of Clinical and Experimental Physiology (Head — Active Member of the AMN =: 
SSSR V. V. Parin) of the Central Institute for Advanced Courses in Surgery (Director — Professor V. P. 
Lebedeva), Moscow 


(Received June 24, 1958. Presented by Active Member of the AMN SSSR V. V. Parin) a 


Since the time when it was shown that any change in the conditions or experimental arrangement consti- 
tutes quite a strong stimulus, the problem has been to find which reactions occur in response to novelty. 


It is known that there are stimuli which evoke special reactions, which may be inborn or acquired, as for : 
instance, feeding, defensive, and other reflexes. Also, the most varied stimuli may be effective in eliciting ro 
the common reaction usually referred to as the orienting reflex [1-4 and others]. Novelty, as a stimulus, evokes 
this reaction, whose effector component consists in adopting a position in which the receptor organs are directed 
towards the stimulus source. 


In his last researches, L P. Pavlov noticed that novelty also brings about a special reaction. This result 
is shown most clearly in studying the reflex of alertness, or the passive defensive reflex. It was found that under 


certain conditions novelty brings about a special reaction, the alerting reflex, and that this is accompanied by a 
generalized reaction — the orienting reflex [4]. 


Given that there is this response, the problem then arises as to how this complex behavior in response to 
novelty may be broken down into separate components; it becomes necessary to study the alerting reflex and 
its relation to the orienting reflex in cases when they both occur simultaneously in response to the same stimulus, ye 


We have based our approach on the fact that in whatever reaction is being performed by the animal, it is 
always possible to discern a generalized reaction, i. e, one in which the receptor organs are directed towards the 
position of the stimulus. When other stimuli come into play, the extent to which the orienting reflex is mobilized 
and directed is less; but when such other stimuli are not present, although only the merest trace may be notice- 
able, the orienting reflex will always act so as to favor the perception of the usual stimuli associated with the 
set-up of the experiment. 


When a dog is placed on a stand which has been moved to a new position, the limitation imposed on its 
movements facilitates the development of the alerting reflex. If the stimulus is placed to one side of the 
animal, it will then be possible to establish a temporary association between the development of the alerting 
reflex and the mobilization of the orienting reaction. To demonstrate that novelty in the form, for instance, of 
a new stimulus elicits first of all a special reaction, the most striking effects will be obtained the first few times 
that it is used in the experiment. Thus, switching on a bell behind the animal, first of all produces the alerting 
reflex. In the first second of its action, the dog develops the passive orienting reaction. It crouches down, 
interrupting any movements it may have been making. It is important to note that there is no change in the 
orienting reaction during the moment of onset of the alerting response. Only after a certain time, which will 
depend on the particular dog, the head will be turned towards the stimulus, and the animal will listen and watch 
the spot from which it originated. But even when the bell is rung the second time, as a rule the orienting reflex 
and alerting reaction occur together, 


In order to enable a more precise description of the reaction of a dog to novelty to be made, we recorded 
the respiration and the electrical activity of the brain. During the action of the new stimulus, the respiration 
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Fig. 1. Increase in the degree of synchronization in response to food being offered 
in the way to which the dog is accustomed. Electroencephalogram recorded by G. 
G. Sakhiulina’s method. 

Curves, from above downwards: stimulus trace; electroencephalogram recorded from 
premotor region of left hemisphere, sensory motor region of right hemisphere, pari- 
etal area of left hemisphere, occipital area of right hemisphere; time marking (1 
second), 


Fig. 2. Increased synchronization on giving new stimulus in unaccustomed setting. 
First application of the new stimulus — the bell. 
Curves as in Fig. 1. 


alters, During the first applications of the stimulus, the respiratory component of the alerting reflex consists of 
an arrest or of a delay in the respiration, and this is observed in most cases in experiments carried out on 
different dogs. 


When a new stimulus is used in surroundings to which the animal is unaccustomed, considerable changes 
in the electrical activity of the brain occur; they resemble those which are found in the usual set-up when a 
natural conditioned or unconditioned stimulus is applied, such for example as when the receptor organs are 
turned towards the feeding trough, and the animal's food reaction to being given rusks occurs. Thus, in Fig. 1, 
it can be seen that when the feeding trough is offered to the animal, which then begins to eat, synchronized 
electrical potentials occur immediately, This change occurs in one case when the potentials composing the 
electroencephalogram (EEG) become desynchronized, and in another case when they become synchronized. 
In both instances, the manifestation of the food reaction is associated with an increased synchronization of cere- 
bral electrical activity. 


The first time that a new stimulus, placed behind the dog, is given, the result is an immediate and con- 
siderable variation of voltage amplitude. The EEG corresponding to this experiment is shown in Fig. 2, The 
electrical oscillations represent a greater degree of synchronization of cerebral electrical activity during the 
development of the alerting reflex. As was the case with the reaction to being offered food, the degree of the 
synchronization increases independently of the normal background electrical activity of the brain of the animal 
in the waking state, 


Thus, a single stimulus, either old or new, elicits simultaneously both the generalized orienting and the 
directed special reaction, for example the feeding or the alerting reaction. Modifications of these experiments 
showed that the orienting reflex does not inhibit this special reaction, Here we refer to experiments in which 
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the alerting response elicited by the novelty of the stimulus occurred before a change in the direction of the 
orienting reflex. In this case, when the direction of the orienting reflex changed toward the side of the new 
stimulus, not only was there no decrease in the synchronization of the potentials accompanying the uncondi- 
tioned alerting reflex, but on the contrary there was sometimes even an increase. When there is a change in 
the direction of the reflex which occurs at the same time as the new special reaction is developed, then again 
there is no inhibition of the latter. Neither is the electrical activity of the brain characteristic of the special 
reaction suppressed, in spite of the fact that the orienting reflex is also present. 


These results lead us to suppose that the orienting reflex exists side by side with the dominant special re- 
action, in the form of a generalized complex of central and peripheral processes. Not having any independent 
function, it becomes a constituent part of the special reaction and acquires the same biological significance as 
the latter. Thus, with the usual feeding arrangement, the orienting reflex comes to be associated with the food 
reaction, and enables stimuli belonging to the feeding experience of the animal in the particular experimental 
set-up to be perceived. In the case when the extraneous stimulus is used and the alerting reaction develops, the 
orienting reflex then becomes part of this special reaction, In this case it facilitates the perception of extraneous 
stimuli which have evoked and which will continue to elicit other special reactions composing its inborn and 
acquired experience of defence in times of danger. 


As we have already pointed out, the transition of the orienting into the alerting reflex becomes possible 
after this special reaction has come to form part of the effector make-up. This fact allows us to consider the 
orienting reflex as an accessory complex of the central and peripheral processes. Here we have in mind the very 
closely related physiological mechanism of the integration of the generalized complex and the special reflex 
into a single reaction of the animal which has a unique biological significance. It may be supposed that this 
mechanism is brought about by a union of the orienting reflex with the centrally organized special reaction 
whose cortical stimulation is at a higher level than that of the other special reactions. 


The directional quality of the orienting reflex, as for instance toward the feeding trough with the food, is 
due to the dominant part played by the food stimulus; this direction changes when a stronger stimulus passes to 
the central representation of another reaction, for example the alerting response, The relationship between the 
excitability of operative and potential special reactions is an important physiological factor [1, 2, 4, 5, 7, and 
others], This relationship may undergo changes, and at any one time it determines with which special reaction 
the accessory complex of central and peripheral processes may become united and into which one of them it 
may enter so as to form part of its composition. 


We have described the results of the first application of a new stimulus, when the excitability, that of the 
alerting reflex,is above threshold and the level of excitability of competing special reactions is low. With 
repetitive application of the new stimulus, when no danger to the animal follows but when food is given, the 
level of excitation of the alerting reflex becomes reduced, and the balance alters in favor of the food reaction. 
There is no external sign of the alerting reflex, so that this becomes a potential reaction. If its level of excit- 
ability remains subthreshold the whole time, then there is no change in the direction of the orienting reflex 
i. e. the latter produces an "extinction". After repeated application of the new stimulus, the organism is 
occupied in executing the special food reaction. The orienting reflex forms a major part of this reaction, and 
enables the sense organs to be placed so as to receive the appropriate stimuli from the food. 


However, the alerting reflex, which has now become a potential reaction, remains at a comparatively 
high subthreshold level for a definite period occupied by experiments. This is perfectly understandable, A 
new stimulus, which elicits an alerting reflex and which is reinforced by food, forms a temporary connection 
with the food reaction. That is to say it comes to acquire a two-fold biological significance and becomes a 
common stimulus for two functionally incompatible reactions. On the one hand, the new stimulus acts on the 
inborn alerting reflex, and on the other, according to the law of temporary linkages, it stimulates the food re- 
action. 


During the period of action of a single stimulus, two opposite processes are started, with the result that the 
cortex comes to exercise a control over two competing reflexes. At this time, in the experiments, both the ex- 
tent of the inhibition of the alerting reflex and the degree of excitability of the conditioned food reaction show 
great variations; the EEG becomes desynchronized, the autonomic components are stressed, and the orienting 
reflex is more clearly shown. 
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During the period of the opposing actions in the cortex, two kinds of excitation occur, each of which has 
its own special rhythm, Hence the desynghronization of the EEG, the strain on the autonomic components, and 
the increased orienting reflex are expressions of this conflict affecting cortical coordination, i. e. of the con- 
flict between the suprathreshold excitation of the manifest reaction, for example the food reaction, and the 
barely subthreshold excitability of a potential reaction, for example the alerting reaction, In later experiments, 
this interaction results in a considerable shift in the relative excitabilities in favor of one of the two competing 


reactions. 


At this stage in the development of cortical coordination, a stability in the conditioned food reaction, 
a synchronization of the EEG, a return to normal of the autonomic components, and a reduction in the strength 


of the orienting reflex, are all observed, 


Thus, the changes described are indications of the coordination which has been effected, i. e. of the 
suprathreshold excitability of the actual food reaction and the considerable reduction in the subthreshold 
excitability of the competing alerting reaction, when stimulation of the latter has little or no effect on the EEG. 


The alerting reflex does not always occur in response to a new stimulus. According to the type of nervous 
system, the strength of the new stimulus, and other conditions, novelty may cause other inborn or acquired spe- 
cial reactions such as the freedom reflex and investigatory, defensive, and food reflexes to occur. However, in 
all these cases, the relationship between the orienting reflex and the special reaction shows the same features 
which we have described as occurring during the alerting reaction. 


The results of our investigations have led us to conclude that any change in the normal conditions of the 
experiment constitutes a stimulus which produces one or another special reaction, a reaction which reflects the 
animals inherited or acquired experience, The orienting reflex also develops as a response to a novel stimulus, 
but it is only of subsidiary importance; both in response to stimuli to which it has been accustomed as well as 
to new stimuli, it occurs at the same time as a special reaction, becomes part of its central organization, and 
comes to share its biological significance (food, defense, search, etc). 


The orienting reflex is preserved during the whole of the animal's waking life. This is well shown in man, 
The orienting reflex represents the physiological basis of attention, 


It is known that attention may change in direction and intensity, but it never becomes extinguished or 
eliminated in the waking state. 


We have put forward the idea [5] that the central influence of the orienting reflex consists of an extra 
strengthening of the special reaction of which it forms a part. Therefore, the orienting reflex speeds up the 
development of cortical coordination,. with the result that either a new dominance develops, or the old one re- 
mains, It accelerates the development of coordination, both during the stage when the special reaction is being 
elaborated, and also in the stage when it is becoming consolidated; this is the stage at which the stabilized re- 
flex is being destroyed by inhibitory effects resulting from another special reaction evoked in turn by an extra- 
neous stimulus. 


The fact that the animal reacts to the novel situation by special reactions which have been tested in its 
previous experience is of great biological significance. This direction of the processes in the central nervous 
system results in a rapid adaptation to changing circumstances in the environment. If the special reaction 
developed in response to the action of the stimulus is not adapted to the particular experimental arrangement, 
or if it does not produce the appropriate effect, then a modification of the innate or signalled significance of 
this stimulus becomes modified in accordance with the changed circumstances, i. e. a new special reaction 
emerges, 


SUMMARY 


The stimulus which is of nutritional significance employed in the usual environment of feeding causes 
simultaneously a general reaction (orientation reflex) and the corresponding food reaction, A new stimulus, 
especially employed in unusual conditions, causes a general (orientation) reaction and the reflex of biological 
caution, Novelty, as a stimulus, causes special reactions reflecting congenital or acquired experience of the 
animals, Orientation reflex is preserved all the time while the animal is awake, However, its direction is 
changed, which is shown by the presence of a dominating special reaction, Orientation reflex is included in 

the central organization of a special reaction and has a common biological significance with it (food, defensive, 
etc.). 
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SECOND-ORDER RESPIRATORY CONDITIONED REFLEXES IN CATS 
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SSSR Professor M. V. Sergievskii) Kuibyshev Medical Institute 
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The possibility of the formation of second-order reflexes was first shown by I, P. Pavlov's associates and 
was frequently discussed at the Pavlov Wednesdays [5]. These results were subsequently confirmed by B. I. 
Bayandurov (2) working on birds, L. G. Voronin [4] — on dogs and monkeys, and by K. Khekht [7] working on 
rats, V. L. Balakshina (1) and I, E. Vasilevskaya [3] showed that second order conditioned reflexes could be 
established in response to interoceptor stimulation, All these investigations concerned the formation of second- 
order conditioned reflexes on the basis of first-order food and defense reflexes. 


We have made a study of the cortical regulation of respiration in cats, and have demonstrated the possi- 
bility of rapidly forming stable first-order respiratory conditioned refexes [6]; we have attempted to find whether 
it is possible to form second-order respiratory conditioned reflexes, and have tried to study the features of these 

reflexes qualitatively by observing the rate at which they develop, their stability, and the effects of external and 
internal inhibition. 


METHOD 


We have carried out 80 experiments on 3 animals (2 males and 1 female), Initially, a constant stable 
first-order respiratory conditioned reflex to a bell was formed, the reinforcement being effected with ammonia, 
When the bell rang, there was a marked reduction in respiratory movements, The second-order respiratory con- 
ditioned reflex was developed in response to a 40 w lamp, which was lit for 6-8 seconds; then, when the light 
had been switched off, or 1-2 seconds later, the bell was turned on for 6-8 seconds. No ammonia was given in 
this case, To prevent the extinction of the first-order respiratory reflex, the sound of the bell was reinforced 
from time to time with ammonia. Various intervals between the simultaneous presentation of the two stimuli 
were used, and these ranged from 30 seconds to 5 minutes, The duration of the experiments varied from 30 to 
60 minutes, In each experiment both stimuli were given 4 to 8 times, The respiration was recorded by a 
pneumograph, with the animal in a sitting position. 


The cat Lis was a restless animal which fatigued rapidly, and whose respiration was irregular; it was not 
found possible to develop a second-order respiratory conditioned reflex in it, When the experiments were re- 
peated, a breakdown of higher nervious function occurred, and this was shown by the appearance of sudden move- 
ments and cries, which were followed by complete immobility — the animal sitting frozen in one position with 
its eyes open, A first-order respiratory conditioned reflex which had been previously elaborated was completely 
inhibited. When the experiments were discontinued for from 2-3 days to 1 month, the animal did not recover, 


The two other animals succeeded in developing second-order respiratory conditioned reflexes, In the cat 
One-Eye, this reflex was developed in response to the eighth coincidence of the signals and became stable from 
the time of the seventeenth coincidence, It was manifested by a reduction in the respiratory movements, though 
this reduction was less than in the case of the first-order reflex. A pneumogram obtained from this animal is 
given in Fig. 1 by way of illustration. 
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Fig. 1. Formation of a first-order respir- Fig. 2. Development of a second-order re~ 
atory conditioned reflex in the cat One- spiratory conditioned reflex in the cat Sil'va, 
Eye. Curves as in Fig. 1. 

Curves, from above downwards: pneumo- 
gram; record of stimuli: light (second-or- 
der reflex) is given between the first and 
second vertical lines, the bell (first-order 
reflex) is given between the second and 
third vertical lines; time marking (1 sec- 


ond), In the cat Sil'va, the second-order condi- 
tioned reflex was first observed at the 9th coinci- 
dence, and it remained constant until the end of 
the experiments, In response to the action of the 
light, which was the secondorder conditioned 
stimulus, the respiration became reduced for 2-3 
seconds; after that it gradually increased in 
strength and returned to its original level by the 
end of the stimulus period, while in the case of 
the bell, which was the first-order conditioned 
stimulus, there was a marked reduction of respir- 
atory movements during the whole of the period 
of its action. 


During the whole of the experimental period, 
both the first-and the second-order reflexes were 
maintained at a constant level. No extinction of 
these reflexes occurred when the experiments were 
interrupted for from 2 to 7 days. 


Fig. 3. Second-order respiratory conditioned re- 

flexes when the second stimulus is applied at a 

definite time interval after the first. 

Curves as in Fig. 1. The points we have mentioned in connec- 
tion with the first-and second-order respiratory re- 
flexes are shown in the pneumogram of Fig. 2, 


Separate application (outside the stereotype) of the first-and second-order conditioned stimuli evokes re- 
spiratory changes of the same type and extent as when they are applied immediately in succession. This is 
shown in the pneumogram of the cat Sil'va (Fig. 3). 


After the experiments had been interrupted for from 2 to 7 days, the second-order respiratory conditioned 
reflex was found to be extinguished, but it returned after 2-3 applications of the combined stimuli. In the cat 
Sil'va, sometimes a reduction or even a complete inhibition of the second-order respiratory conditioned reflex 
was found towards the end of an experiment, In many experiments, in both animals, the second-order condi- 
tioned reflexes were found to be inhibited as a result of extraneous stimuli such as a dog barking, movements of 
objects in the field of view, knocking, all of which stimuli appeared to act as external inhibitors. 


When the reinforcing stimuli, which included ammonia for the bell, and the bell for the light, were with- 
drawn, the second order respiratory conditioned reflex became extinguished much more rapidly than did that of 
the first order, In Sil'va, the extinction occurred at the 4-5th unreinforced application of the stimuli, while in 
One-Eye, 8-10 unreinforced applications of the stimuli were given before this occurred, The first-order respira- 
tory conditioned reflex was preserved long after complete extinction of the second-order reflex. Occasionally, 
disinhibition of a completely extinguished second-order respiratory conditioned reflex was observed, 
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Thus, our experiments have shown that complex temporary connections can be formed between the cere- 
bral cortex and the respiratory center, and that these connections include the cortical areas of several different 
analysers. The second-order respiratory conditioned reflexes can be elaborated only in animals which have a 
strong equilibrated type of nervous system. The second-order respiratory conditioned reflexes have the same 
qualitative characteristics as the second-order food and defense conditioned reflexes, i. e, they are less stable, 
and less well developed as compared with the corresponding first-order reflexes. 


SUMMARY 


Conditioned respiratory reflexes of the second order to the light of a 40 watt lamp were developed in 3 
animals with reinforcement by conditioned reflexes of the first order (to the bell sound), Conditioned respiratory 
reflexes of the second order developed in 2 of the 3 animals. They were less stable and less pronounced than the 
respiratory reflexes of the first order. Therefore, complex temporary associations may form between the respira- 
tory center and the brain cortex, into which several analyzing cortical areas are included simultaneously, 
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: As many authors have shown [1, 8, 9] stimulation of the afferent fibers of the mixed nerves of the lumbo- 
+ sacral or brachial plexuses may cause a reflex fall or rise of the arterial pressure, depending on the parameters 
a of the electrical stimulus, The depressor reflex appearing in response to weak stimulation is replaced by a 
pressor when the voltage of the electric impulses is raised or their frequency or duration increased. For many 
a years there has been doubt whether the change in the sign of the reflex was due to the presence of special af- 
4 ferent fibers or to intensification of the central summation of afferent impulses of a single pattern, but the first 
of these views must now be considered as correct, 


4 By the use of several methods of selective blocking of conduction, Gordon [8] observed a connection 

a between the depressor reflex and excitation of the relatively thick and easily stimulated afferent fibers, and 
between the pressor reflex and excitation of the slender and less easily stimulated fibers, As shown by Molina, 
Achard and Wiss [9], the appearance of a depressor reflex is accompanied by the development of an action 
potential in the Ag fibers on the electroneurogram of the stimulated nerve, and the appearance of a pressor re- 
flex — inthe Aé fibers. This was confirmed by Widen [12] for the celiac and facial nerves, Despite a great deal 
of research, the problem of the central mechanisms of depressor and pressor reflexes is still unsolved. This de- 
pends in particular on the fact that the arterial pressure, by the changes in which the reflex effects are recorded, 
is only a relative indicator of the state of the vasomotor centers. It may be doubted that the summated hemo- 
dynamic effect, as shown by changes in the arterial pressure, can reproduce with sufficient accuracy the changes 
occurring in individual areas of the vascular system, 


a The study of the regional vasomotor reflexes must therefore be the best guide to the processes taking place 2 
‘a in the vasomotor centers. However, apart from the literature dealing with the so-called Loven reflex, we could 4 
find no research devoted to comparison of the systemic and regional vasomotor reflexes arising in response to 


. electrical stimulation of somatic nerves. 


EXPERIMENTAL METHOD 


The resistance of the vessels of the hindlimbs of cats, anesthetized with urethane (0.5 g/kg) and chlo- 
ralose (0,03 g/kg), was recorded by means of the method of resistography. The principle of this method, pre- 
viously described [3] in detail, is stabilization of the minute flow of blood in the vessels of the limb by means 
of a special perfusion pump [4]. The fluctuating reading gives the pressure in the femoral artery: a fall indicates 
dilatation of the limb vessels, a rise ~ constriction. As an anticoagulant we used heparin in doses of 7.5 12,5 


mg/kg. 

The regional reflexes were studied in the vessels of the hindlimb, since the efferent innervation of the 
vessels of this region has been most fully investigated, The arterial pressure was recorded by a mercury manom-~ 
eter in the carotid artery, and respiration by a Marey's capsule through a tracheal cannula, A series of experi- 
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Fig. 1. The change from a depressor systemic re- 
flex and primary regional vasodilatation (a) into 
a pressor systemic reflex and regional vasocon- 
striction (b) during intensification of reflex stim- 
ulation, 

a) Stimulation of the central end of the right 
sciatic nerve (rectangular impulses; duration — 1 
millisec, frequency 10 cps, voltage 1 v); b) the 
same, voltage 5 v. Significance of the curves 
(from above down): perfusion pressure in the left 
femoral artery, its base line, arterial pressure, re- 
spiration, zero line of the arterial pressure, stim- 
ulus marker, time marker (30 sec), 


Fig. 2. Gradual strengthening of regional vaso- 
constriction (left hindlimb) and change from a 
depressor systemic reflex (a, b) into a pressor (c) 
with strengthening of the stimulation of the cen- 
tral end of the right sciatic nerve. 

Significance of the curves as in Fig. 1. 


ments were carried out on animals immobilized with 
succinylcholine iodide, with maintenance of natural 
breathing or with artificial respiration. Stimulation 
of the central segment of the somatic nerves was 
carried out in some experiments by means of an al- 
ternating current of 50 cps, and in others with rec- 
tangular unipolar impulses from a specially construc- 
ted generator or from a GI-2A apparatus providing 
independent control of amplitude, frequency and 


duration of the impulses, Altogether about 70 experiments were performed. 


EXPERIMENTAL RESULTS AND DISCUSSION 


From our observations, in full agreement with the data in the literature, depressor reflexes arise in the 
case of stimulation of the afferent fibers with a current of relatively low voltage. These reflexes are more easily 
revealed and they attain a larger magnitude with shorter impulses of lower frequency, A fall in the arterial 
pressure usually develops simultaneously with the reflex vasodilatation in the limb (Fig. 1,a; Fig. 3,a). We 
called this the regional reflex of primary vasodilatation, to distinguish it from the secondary reflex vasodilata- 
tion appearing in response to much stronger stimuli. The latter is described below, 


The fall in arterial pressure and primary regional vasodilatation arise in response to stimulation of the 
sciatic (Figs. 1, 2) and tibial nerves of the contralateral limb, or of the tibial nerve (divided at the level of the 
malleoli) of the perfused limb, These reactions are observed also during stimulation of the main branches of 
the brachial plexus (Fig. 3) on both contra- and ipsilateral sides. We could not detect any difference in the 
thresholds of the systemic and regional reflexes. Sometimes the fall in arterial pressure is accompanied by a 
diminution of the respiratory movements (see Fig. 2,a, b); in other cases respiration is either unchanged or in- 


tensified (see Fig. 1,a). 


With an increase in the voltage (and also the duration or frequency of the impulses), a characteristic 
change takes place in the vasomotor reflexes. The depressor reflex becomes less and finally disappears, as a 
result of which the arterial pressure remains practically unchanged at the time of stimulation, showing as it were 
a “neutral” reaction, This point in the range of the parameters of stimulation (which is different in individual 
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Fig. 3. Change from the depressor systemic reflex (a) through a phase of “neutral” re- 
action (b, c, d) into a pressor reflex (e, f), and from primary regional vasodilatation (a) 
into vasoconstriction (b - f) during an increase in the strength of stimulation of the cen- 
tral end of the right brachial nerve [alternating current, 50 cps; a) voltage 0.5 v; b) 1.2 v; 
c) 1.5 v; d) 2 v; e) 3 v, 30 sec; f) 3 v, 3 min}. Appearance and intensification of secondary 
regional vasodilatation (ce). Significance of the curves as in Fig. 1. Autoperfusion of 
the left hindlimb. 


animals) corresponds to the change in the sign of the regional reflex — vasodilatation of the limb changes into 
vasoconstriction. 


Regional vasoconstriction develops in some animals even before the time at which the arterial pressure 
falls (see Fig. 2,a, b), and in others during the “neutral” reaction (see Fig. 3,b, c). Thus electrical stimulation 
at some points in the range of parameters leads to vasoconstriction of the limb, while continuing to cause vaso- 
dilatation in other organs, for only in this case may the arterial pressure be reduced or maintained at the origi- 
nal level, 


Comparison of Fig, 2,a and Fig. 2,b shows that a slight strengthening of stimulation leads to a further in- 
crease in both the depressor systemic and the vasoconstrictor regional reflexes; and it is only with still stronger 
stimuli that a systemic pressor reflex arises (see Fig. 2,c). However, even with a considerable rise in the arte- 
rial pressure, the intestinal vessels, as we have seen to our satisfaction, continue to dilate and it is only with 
even stronger reflex stimulation that these vessels become constricted. 


Hence it may be stated that the reflex threshold of vasoconstriction is not the same for all the individual 
vascular regions, T, S, Lagutina [2] came to the same conclusion from a study of the impulsation in the effer- 
ent fibers of various nerves during stimulation of the mechanoreceptors of the urinary bladder. 


In a previous communication [5] it was shown that the degree of reflex communication between a number 
of interoceptive zones and the vessels of the kidney and the small intestine differs. In consequence of these 
findings, suggesting fractionation of the regional vasomotor reflexes, we put forward the hypothesis of the exist- 
ence within the confines of the vasomotor centers of “nuclei” (groups of neurones), providing reflex regulation 
of the vessels of individual organs. The difference in the thresholds of the regional constrictor reflexes for the 
various vascular regions confirms this hypothesis, 


At a definite strength of stimulation, the systemic depressor reflex always changes into a pressor (see Fig. 
1,b; Fig. 2,c; Fig. 3,d, e),* 


* In this respect our findings differ from Gordon's [8] view of the impossibility of reproduction of the pressor re- 
flexes in case of stimulation of a nerve with impulses about 0,1 millisec in duration and of any voltage. The 


(continued on next page) 
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At this stage, however, a very distinctive phenomenon develops, 


As seen from the kymograms (see Fig. 1,b; Fig. 3,d,e), immediately after the cessation of strong stimula- 
tion of the nerve the sign of the regional reflex is suddenly changed — vasoconstriction is replaced by a rapidly 
developing vasodilatation, the resistance of the vessels being restored only gradually to its original value. An 
attentive examination showed that secondary regional vasodilatation may arise before the cessation of stimula- 
tion. This is clearly shown, in particular, in Fig. 3,c, Specially performed experiments in which the period of 
stimulation was lengthened (as are shown, for example, in Fig. 3,f) give grounds for the assumption that second- 
ary vasodilatation in these cases always arises during stimulation and not after it has ceased, 


This suggests a comparison of the event described with the “perversion” of reflex action discovered by 
Sherrington and Sowton [6, 10, 11}. This consists of replacement of the reflex contraction of a flexor or exten- 
sor muscle by its relaxation in the course of a reflex reaction. It is very characteristic that “perversion” of the 
spinal motor reflexes develops in response to strengthenimy of the stimulation of the afferent fibers of the par- 
ticular nerve [10, 11] or to prolonged stimulation of constant strength [10], i. e. in conditions when contraction 
of the smooth muscle of the vessels changes into relaxation, According to Sherrington, “perversion” of the re- 
flex effect is due to predominance of inhibition in the motor center of the spinal cord in place of the originally 
dominant excitation, If this view is correct for the vasomotor centers also, then secondary vasodilatation of the 
limb must reflect inhibition of the tone of the sympathetic vasoconstrictors, 


Another view of the cause of secondary vasodilatation was put forward by Binet and Burstein [7]. They 
observed this phenomenon in experiments using the same methods as ours, but carried out on dogs. Without any 
special analysis, these workers postulated that vasodilatation arising immediately after vasoconstriction is caused 
by vasodilator efferent fibers, In their opinion these are excited secondarily as a result of the increase in the 
general arterial pressure. Such a view is clearly unsound, as is shown, for example, by the tracing of the reflexes 
in Fig. 3,c,d. Both phases of the regional reflex develop in this case during negligible changes in the arterial 
pressure. Experimental denervation of the carotid sinus and aortic zones showed that secondary regional vaso- 
dilatation not only does not disappear after denervation of these zones, but in the majority of cases increases. 


It must be pointed out that all the types of regional vasomotor reflexes described above are quite inde- 
pendent reactions, unrelated to the reflexes arising at the same time in skeletal muscles, They are observed in 
experiments on anesthetized animals, when both vasomotor and motor reflexes are carried out, and also in ex- 
periments on animals rendered immobile with succinylcholine, when the motor reflexes are abolished. 


Hence relatively weak stimulation of the afferent fibers of somatic nerves causes a primary vasodilator re- 
flex in the limb vessels, With an increase in the strength of stimulation this is replaced by reflex vasoconstric- 
tion, and with even stronger stimulation the reflex vasoconstriction changes into secondary regional vasodilata- 
tion, 


In the present communication we can only point out the outward similarity between the change from the 
vasoconstrictor reflex to the vasodilator with the “perversion” of the spinal reflexes which arises in similar con- 
ditions of stimulation. Proof that the processes underlying both these phenomena are identical will be provided 
in later communications, 


SUMMARY 


The reflexes on the arterial pressure and on the blood vessels of the posterior extremity elicited by electric 
stimulation of the afferent fibers of different somatic nerves were studied on anesthetized cats. The reflexes on 
the blood vessels of the extremity were studied by the method of resistography (perfusion under constant flow), 
Weak reflex stimulations cause a depressor reflex and dilatation of vessels of the extremity. More intense stim- 
ulations cause a vasoconstriction in the extremity with subsequent rise of the arterial pressure, which shows the 
difference in the thresholds of the regional vasoconstriction for the vessels of different organs, Further increase 
in the strength of the stimulation is associated with the transition of the regional vasoconstriction into the sec- 
ondary reflex vasodilatation. The similarity of the latter phenomenon with the “reversal” of the spinal motor 
reflexes is emphasized. 


positive results of our experiments are evidently due not to the different form of the impulses (condenser dis~- 

charges in Gordon's experiments, rectangular impulses in ours), but to the use of deep barbiturate anesthesia in 
his experiments. In one of our own experiments on an animal immobilized with succinylcholine, stimuli of a 
duration of 0.15 millisec and a frequency of 50 cps caused a considerable pressor reflex at a voltage of only 0.5 v. 
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THE INFLUENCE OF INTEROCEPTIVE STIMULATION ON THE DEVELOPMENT 
OF A DOMINANT FOCUS IN THE SPINAL CORD 
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AMN SSSR V, N, Chernigovskii) of the AMN SSSR, Moscow 


(Received October 22, 1957. Presented by Active Member of the AMN SSSR V, N. Chernigovskii) 


Investigation of the development of stable foci of excitation in the central nervous system [3, 5-8, 10-14, 
18-20, 23] gives grounds for the suggestion that the formation of a dominant focus is associated with a change in 
the functional state of the center and is important in the coordination of the activity of the animal. 


In a previous paper we showed that stimulation of the diencephalon of the frog (by the action of adrenalin), 
which has a controlling influence over the spinal cord, causes changes in the functional state of the dominant 
focus and strengthens the dominant [9]. It was thus shown that factors changing the functional condition of the 
centers affect the development of the dominant. 


Many investigations [1, 2, 4, 15-17, 21, 22] have established that interceptive stimuli affect the func- 
tional condition of the central nervous system, causing changes in the excitation of the centers. 


Arising from the notion of the importance of the functional condition of the center during the formation 
of a dominant within it, and in view of the great importance to the body of afferent impulses reaching the cen- 
tral nervous system from the internal organs, we considered it important to study the influence of interoceptive 
stimulation on the development of a dominant focus in the spinal cord, This was the purpose of the present 
investigation. 


EXPERIMENTAL METHOD 


Experiments were carried out on cold-blooded animals (frogs). In order to produce interoceptive stimula- 
tion we used the distended walls of the urinary bladder, by raising the pressure inside the organ. The formation 
of the dominant focus was carried out in the flexor center of the spinal cord. The criterion of the dominant 
state of the center was strengthening of the reflex contraction of the semitendinosus muscle under the influence 
of additional stimuli from other sensory nerves, Under these circumstances we recorded the contraction and the 
action potentials of the muscle. In all 147 experiments were performed. 


The cerebral hemispheres were removed from a frog (Rana ridibunda), and the peroneal nerve and semi- 
tendinosus muscle were dissected out on one side, and the peroneal and ulnar nerves on the opposite side. Through 
the cloaca and into the urinary bladder was introduced a cannula, connected by means of a three-way tube to a 
rubber bulb (used for inflating the urinary bladder) and to a mercury manometer for recording the pressure inside 
the urinary bladder. The frog was fixed to a cork mat and placed in a humid chamber. The ipsi- and contra- 
lateral peroneal nerves and the ulnar nerve were placed on Dubois-Raymond electrodes which acted as stimuli. 
These nerves were stimulated with the current from an induction coil or from a thyratron stimulator. Applica- 
tion of the stimulus was recorded on the myogram and on the oscillogram, The action currents were taken from 
the semitendinosus muscle by silver needle electrodes, through an amplifier (with a range of 1 to 1500 cps) to a 
six-channel oscillograph. The action currents of the muscle were recorder with a No. 4 loop, The time marker 
was a sinusoidal line with a frequency of 50 cps. 
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Fig. 1. The influence of interoceptive stimulation (as a result of stimulation of 
the mechanoreceptors of the urinary bladder) on a spinal cord dominant (experi- 
ment No, 26 ~ Rana ridibunda). 

a) Reflex contractions of the semitendinosus muscle at the beginning of the ex- 
periment, before formation of the dominant; b) the same, after formation of a 
dominant in the flexor center of the spinal cord by the influence of subthreshold 
stimulation of a sensory nerve (2 cm below the threshold of stimulation); c) the 
same, 5 minutes after inclusion of interoceptive stimulation (stretching of the 
musculature of the urinary bladder by an increase of 10 mm of mercury of the 
intravesical pressure) in association with the dominant. Significance of the curves 
(from above down): myogram of reflex contraction of the semitendinosus muscle; 
marker of stimulation of the ipsilateral peroneal nerve; marker of stimulation of 
the contralateral peroneal nerve; marker of stimulation of the ulnar nerve; time 
marker (1 second). 


Fig. 2, Formation of a dominant focus in the spinal cord under the influence 
of interoceptive stimulation (in response to stimulation of the mechanorecep- 
tors of the urinary bladder (experiment No, 84— Rana ridibunda), 
a) Reflex contractions of the semitendinosus muscle at the beginning of the 
experiment, before formation of the dominant; b) the same, after formation 
of the dominant in the spinal cord under the influence of interoceptive stim- 
ulation (stimu lation of the mechanoreceptors by an increase of pressure in- 
side the urinary bladder of 10 mm of mercury); c) development of a para- 


doxical stage as a result of the prolonged action of interoceptive stimulation. 
Significance of the curves as in Fig, 1. 
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The threshold of the reflex was determined and the reflex contractions of the semitendinosus muscle traced, 
and on this background was superimposed stimulation of the ulnar and contralateral peroneal nerves. 


In the first series of experiments a dominant focus was produced in the flexor center of the spinal cord by 
subthreshold stimulation of the ipsilateral peroneal nerve. After definite intervals of time (10 minutes) the sub- 
threshold stimulation was interrupted, and all the tests mentioned above were carried out, After the formation 
of the dominant the urinary bladder was inflated with air until the pressure within it reached 8 - 10 mm of 


mercury above the original. 


In the second series of experiments the subthreshold stimuli were not applied, but the condition of the 
flexor center of the spinal cord was changed by the action of interoceptive stimulation alone, and the tests were 
applied under these conditions, In order to prevent adaptation of the mechanoreceptorss to prolonged stimulation, 
a short time after inflation of the urinary bladder (15 — 20 minutes) the pressure inside the organ was reduced, 
and then raised once more to the initial level. In this way the prolonged action of interoceptive stimulation on 
the functional condition of the centers of the spinal cord was secured, 


EXPERIMENTAL RESULTS 


The results obtained showed that interoceptive stimuli arising in consequence of raising the pressure inside 
the urinary bladder may have a biphasic action on the functional state of the flexor center of the spinal cord, at 
first causing an increase (the shorter phase) and then a decrease of reflex excitation. 


Inclusion of the interoceptive stimulation (by raising the pressure inside the urinary bladder by 8~ 10 mm 
of mercury) in association with the dominant already formed in the flexor center of the spinal cord by subthresh- 
old stimulation of a sensory nerve, leads to strengthening of the dominant. By the continued action of the in- 
teroceptive stimulation the dominant state of the center is considerably enhanced and at the same time a fall in 
the amplitude of reflex contraction of the muscle is produced, as is illustrated by the myogram of experiment 
No, 26 (Fig. 1). 


It can be seen from the myogram that as a result of subthreshold stimulation (coil distance 2 cm below 
threshold) the reciprocal inhibition, clearly observed at the beginning of the experiment (see Fig. 1,a) disappeared 
and was replaced by the converse effect of increase of reflex contraction of the muscle as a result of stimulation 
of the contralateral peroneal nerve (see Fig. 1,b). Furthermore, stimulation of the contralateral peroneal nerve 
alone after subthreshold stimulation began to cause contraction of the ipsilateral semitendinosus muscle (see Fig. 
1,b). Stimulation of the ulnar nerve in association with reflex contraction of the semitendinosus muscle, which 
had no effect on the reflex contraction at the beginning of the experiment (see Fig. 1,a), also began to cause an 
increase in this reflex contraction of the muscle after the action of the subthreshold stimulation (see Fig. 1,b). 
The changes produced indicate the formation of a dominant focus in the flexor center of the spinal cord as a 
result of the subthreshold stimulation. The addition to interoceptive stimulation to this background (raising the 
pressure inside the urinary bladder by 10 mm of mercury) led to enhancement of the dominant state of the center. 


Meanwhile the reflex excitation fell, since the amplitude of the reflex contraction of the semitendinosus 
muscle in response to stimulation by an induction current (coil distance ~ 29 cm) in association with inflation of 
the urinary bladder (see Fig. 1,c) is considerable lower than before inflation, with weaker stimulation by the in- 
duction current (intercoil distance ~ 30 cm; see Fig. 1,a). 


It can be seen from the myogram in Fig. 1 that the increase in the reflex contraction of the semitendinosus 
muscle as a result of stimulation of the contralateral peroneal nerve in association with interoceptive stimulation 
is considerably greater (119%, see Fig. 1,c) than the effect observed before addition of the interoceptive stimula- 
tion (53.6%; see Fig. 1,b). Increase in the reflex contraction of the semitendinosus muscle in response to stimu- 
lation of the ulnar nerve is also greater in association with interoceptive stimulation (36% see Fig. 1,c) than the 
effect observed before addition of the interoceptive stimulation (21.7%, see Fig. 1,b). Thus the results obtained 
showed that interoceptive stimulation causes enhancement of the dominant focus in the spinal cord arising as a 
result of subthreshold stimulation of a sensory nerve. 


In the next series of experiments we studied the changes in reflex activity of the center under the influence 
of interoceptive stimulation. In this case subthreshold stimulation was absent, and the contraction of the muscle 
in response to application of all the tests was recorded before and then during the action of interoceptive stimu- 
lation, The experiments showed that in response to interoceptive stimulation a dominant focus may appear in 
the spinal cord, its constellation of centers including the flexor center of the spinal cord. The question of how 
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Fig. 3. Changes in the action currents of the semitendinosus muscle arising during reflex 
contraction of the muscle in the formation of a dominant focus in the spinal cord under the 
influence of interoceptive stimulation (stimulation of the mechanoreceptors of the urinary 
bladder). 

a) Changes in the action currents of the semitendinosus muscle in response to the addition 
of stimulation of the ulnar nerve to reflex contraction of the muscle at the beginning of the 
experiment, before the action of interoceptive stimulation; b) changes in the action cur- 
rents of the semitendinosus muscle in response to the addition of stimulation of the contra- 
lateral peroneal nerve to reflex contraction of the muscle at the beginning of the experi- 
ment, before the action of interoceptive stimulation; c) changes in the action currents of 
the semitendinosus muscle in response to the addition of stimulation of the ulnar nerve to 
reflex contraction of the muscle during the action of interoceptive stimulation; d) changes 
in the action currents of the semitendinosus muscle in response to the addition of stimula- 
tion of the contralateral peroneal nerve to reflex contraction of the muscle during the ac- 
tion of interoceptive stimulation. Significance of the curves (from above down): action 
currents of the semitendinosus muscle, marker of stimulation of the contralateral peroneal 
nerve, marker of stimulation of the ulnar nerve, time marker (0.02 seconds). 


widely spread is the dominant focus in the spinal cord in response to distension of the urinary bladder remains un- 
solved and demands further study. 


During prolonged action of interoceptive stimulation parabiotic stages arise and the reflex excitation be- 
gins to fall sharply. The further action of the interoceptive stimulation leads to the development of inhibition 
in the spinal cord center and to disappearance of reflex excitation. We give for illustration the results of experi- 
ments in which the activity of the muscle was recorded myographically and electrographically. 


From the myogram of experiment No, 84 (Fig, 2,a) it can be seen that at the beginning of the experiment 
stimulation of the contralateral peroneal nerve in association with reflex contraction of the semitendinosus mus- 
cle caused a well marked reciprocal inhibition, Stimulation of the ulnar nerve in association with reflex con- 
traction of the muscle had no effect. As seen from the myogram, 10 minutes after raising the pressure inside the 
urinary bladder by 10 mm of mercury (see Fig. 2,b), the amplitude of reflex contraction of the muscle was re- 
duced, and it responded to stimulation with the induction current (coil distance — 25 cm) by a contraction with 
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a considerable smaller amplitude than to stimulation with a weaker current (coil distance — 34 cm) at the begin=- 
ning of the experiment. Stimulation of the contralateral peroneal uerve and also of the ulnar nerve, in associa- 
tion with stimulation of the ipsilateral peroneal nerve, and after the action of interoceptive stimulation, led to 

a significant increase in the amplitude of the reflex contraction of the muscle, as can be seen from the myogram 
(see Fig. 2,b). Under these conditions stimulation of the contralateral peroneal nerve and of the ulnar nerve 
separately caused a contraction of the semitendinosus muscle, whereas at the beginning of the experiment stim- 
ulation of these nerves did not cause the muscle to contract. The changes produced demonstrate the formation 

of a dominant in the flexor center of the spinal cord under the influence of interoceptive stimulation. In response 
to the prolonged action of interoceptive stimulation, as the experiments showed, the development of parabiotic 
stages is observed. It can be seen from the myogram (see Fig. 2,c) that one hour after inflation of the urinary 
bladder, stimulation of the ipsilateral peroneal nerve by the induction current (coil distance — 23 and 21 cm) 
caused a reflex contraction of the muscle of greater amplitude than in response to stimulation of the nerve by a 
stronger current (intercoil distance ~17 cm). This shows the presence of a paradoxical stage. 3 hours after in- 
creasing the pressure in the urinary bladder in this experiment, complete inhibition developed. 


The results of the electrophysiological investigations are shown in Fig, 3 (experiment No, 117). It can be 
seen from the oscillogram that stimulation of the ulnar nerve in association with reflex contraction of the semi- 
tendinosus muScle at the beginning of the experiment (see Fig. 3,a) caused a slight fall in the amplitude of the 
action currents of the muscle, Stimulation of the contralateral peroneal nerve superimposed on reflex contrac- 
tion of the muscle led to a sharp fall in the amplitude of the action currents of the muscle (see Fig. 3,b), char- 
acteristic of reciprocal inhibition, Forty-five minutes after inflation of the urinary bladder, as seen from the 
oscillogram (see Fig. 3,c,d), the picture is sharply altered. Under these circumstances stimulation of the ulnar 
nerve superimposed on reflex contraction of the semitendinosus muscle began to cause not a decrease but an in- 
crease in the amplitude of the action currents of the muscle (see Fig. 3,c). 


The reversal of the effect was obtained in an even more demonstrative form in response to stimulation of 
the contralateral peroneal nerve superimposed on reflex contraction of the muscle. Instead of the sharp decrease 
in the amplitude of the action currents of the muscle, observed at the beginning of the experiment (see Fig. 3,b) 
a considerable increase took place (see Fig. 3,d). This indicates a considerable increase in the summating power 
of the center under the influence of interoceptive stimulation. 


The results obtained thus show that the action of interoceptive stimulation of a certain intensity, arising 
as a result of stretching of the musculature of the urinary bladder, causes changes in the spinal cord dominant, 
and in the absence of such a dominant may lead to the formation of a dominant focus in the flexor center of the 
spinal cord. 


SUMMARY 


The authors studied the effect of interoceptive stimulations (in stimulation of the mechanoceptors of the 
urinary bladder) on the development of a dominant focus in the spinal cord of cold-blooded animals (frog). It 
was shown that interoceptive stimulations effected on the background of a dominant (already formed in the 

flexor center of the spinal cord under the effect of subliminal stimulations of the sensory nerve) causes an inten- 
sification of the dominant. 


It was established that the interoceptive stimulations may cause the formation of the dominant focus in the 
spinal cord (it may form in the flexor center of the spinal cord). 


Parabiotic stages appear, the reflex excitation is depressed and inhibition develops in prolonged action of 
interoceptive stimulations. 


In formation of a dominant focus in the flexor center of the spinal cord under the effect of interoceptive 
stimulation, the stimulation of the ulnar nerve and of the contralateral peroneal nerve on the background of re- 
flex contraction of the semitendinosus results in increase of the amplitude of the. muscular action currents. This 
points to a pronounced increase of the summation ability of the center. 


* In Russian 
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THE NATURE OF SPINAL SHOCK 


COMMUNICATION L_ THE STATE OF HYPERPOLARIZATION IN SPINAL SHOCK 
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It was shown by Hermann as long ago as 1868 — 1872 that the excited area is electrically negative and 
the resting area electrically positive [10, 11]. In experiments by I. M. Sechenov [5, 6], stimulation of motor and 
sensory nerves was accompanied by a negative fluctuation of current led from the surface of the spinal cord in a 
longitudinal direction or from a transverse section of the spinal cord. During stimulation of cutaneous nerves, 
and also during voluntary movements of the limbs in animals, B. F. Verigo [2] observed that the brachial or lum- 
bar enlargement of the spinal cord becomes electrically negative in relation to the midbrain, Similar results 
were obtained also by N, A, Mislavskii [4]. Among modern work may be mentioned the research of V. E, Delov 
and D, A, Lapitskii [3], who also showed a decrease in the resting current of the spinal cord (negative wave) in 
response to faradic stimulation of the sciatic nerve. In individual experiments by these authors, when the resting 
current showed the reverse trend, stimulation of the sciatic nerve caused a small increase in the resting current 
of the spinal cord (positive wave). 


In connection with the development of the classical teaching of N, E, Vvedenskii on parabiosis [1], one of 
the foremost diagnostic indications of stationary focal excitation — parabiosis — was the negative electrical poten- 
tial of the parabiotic area, The method of measurement of the electrostatic potentials of the spinal cord before, 
during and after chordotomy permits the study of the trends of the polarization of the spinal cord during spinal 
shock and to test the concept of the parabiotic nature of this state, as put forward by several workers. 


In the present investigation we studied the potential difference between the spinal cord and the denervated 
sural muscle in association with chordotomy. 


EXPERIMENTAL METHOD 


Laminectomy was performed in a frog (Rana chensinensis D,), and the spinal cord exposed in the region of 
the lumbar and brachial enlargements, The experiment was commenced after one hour or later, when the frog's 
pose, jumping and defensive movements appeared to be within normal limits. The frog was fixed securely in 
the prone position on a cork board on a small table. The sciatic nerve was divided in the right hind limb, the 
vessels ligated and the sural muscle dissected out.* The tendon at the distal end of the denervated sural muscle 
was divided and the muscle half immersed in a bath of Ringer solution, in which also hung the wick of a non- 
polarizing electrode (Zn + ZnSO,). The thigh, knee-joint and paw of the right limb were firmly fixed through 
bone to the cork with pins. Such fixation ensured constant contact of the wick with the Ringer solution and the 
muscle. In some experiments we added 3% agar-agar to this solution to fix the wick in the gel thus formed. 

The wick of a second nonpolarizing electrode was firmly held in place by adhesion with a fibrin clot to the sur- 
face of the spinal cord or to one of its roots, For contact with the root, a loop was made from the wick of the 


* The muscle was denervated to exclude the influence of the central nervous system on the demarcation current 
of the muscle [7 — 9]. 
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Relationship Between Changes in Polarization and Reflex Excitation of the 
Spinal Cord After Chordotomy 


_ Polarization of the spinal cord 
increase relative 


Reflex excitation of po lar ‘ no depolar- | total 
ization ization 


Spinal shock 

No change 

Increase of reflex 
excitation 


electrode, through which the root was threaded. The frog, together with the cork-topped table was placed in a 
Pfluger screened humid chamber; the interior of the chamber was abundantly moistened with water at room tem- 
perature, The potential difference between the spinal cord and muscle was indicated by the light on the scale 
of a mirror galvanometer, with a constant of 1.4—10°” A/ mm/m, a period of damping of 4 seconds, and = 
40,000 ohm. In order to equalize the resistance of the external circuit we included a resistor of 20,000 ohm in 
parallel with the frog. 


The potential of the muscle, with rare exceptions, was electrically negative, whereas the potential of the 
spinal cord was nearly always positive. Usually the potential difference of the resting current fell slowly and 
gradually. The change in the voltage of the current taking place in the course of the first minutes after chordo- 
tomy was probably due entirely to changes in the potential of the spinal cord, since the denervated sural muscle 
was unable to react in any way to this change of potential. In the course of the experiment, at the same time 
as we recorded the potential difference we also measured the threshold of reflex stimulation of the left semi- 
tendinosus muscle in centimeters of the induction coil. Electrodes from the induction coil were fixed with stick- 
ing plaster to the skin of the dorsal surface of the foot of the left hindlimb, The index of contraction of the 
left semitendinosus muscle was movement of the Engelman lever situated outside the chamber. In order to pre- 
vent any effect of the stimulating current on the loop, an earthed metal ring is placed over the leg of the left 
hindlimb, Chordotomy was performed above the brachial enlargement of the spinal cord. In the first 63 ex- 
periments the spinal cord was Jivided with a scalpel, but later with a woman's hair which was carefully intro- 
duced beneath the cord and tied around it in a loop. A thread, attached to the hair, was passed through a glass 
tube to the outside of the humid chamber. By pulling on the thread, without opening the lid of the chamber and 
without altering the humidity of the air inside it, we could rapidly sever the spinal cord. This method of division 
to a large extent guaranteed against displacement of the electrodes at the time of chordotomy and avoided con- 
tact of metal with the spinal cord; however the introduction of the hair beneath the spinal cord sometimes in- 
flicted additional trauma which affected the results of the experiments. 


EXPERIMENTAL RESULTS 


In all 128 experiments were carried out, including 17 controls, In the latter, observing all the conditions 
described above, chordotomy was performed with a hair on dead frogs. In these experiments the conditions for 
fixation of the wick of the electrode on the surface of the brain were less satisfactory, because no fibrin clot is 
formed in dead frogs. 


The results of 92 experiments were included in the analysis, nineteen being excluded on account of gen~- 
eral traumatic shock and death of the frog after chordotomy, with manifestations of a progressive fall in reflex 


excitation. 


The basic results of the investigations are shown in the Table. It can be seen from the Table that in the 
great majority of cases (58 experiments out of 92) chordotomy is accompanied by the increase of polarization 
of the spinal cord, i. e. by anelectrotonic changes. Under these circumstances the reflex excitation is more 
often diminished, showing the picture of spinal shock. In the minority of cases (20 of the 92 experiments) rela- 
tive depolarization of the spinal cord (catelectrotonic shift) is accompanied by mainly an increase in reflex 
excitation, 
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In order to discover the degree of significance of the connection which was found between the changes of 
reflex excitation and the polarization of the spinal cord after chordotomy, we used the “chi-square” method, 
calculating the coefficient of contingency C, Analysis showed that for the given experimental results "chi- 
square” was equal to 35,00, and p< 0,01. Consequently C = 0,61, i. e, the existence of a connection between 
spinal shock and increased polarization of the spinal cord, and also between the increased reflex excitation and 
relative depolarization of the spinal cord is definite enough and statistically significant. 


Spinal shock was observed in 41 experiments, In 35 of these experiments, in which spinal shock was com- 
bined with increased polarization of the spinal cord, reflex excitation was restored after 1— 6 minutes (on the 
average after 2.9 minutes) to the original level (28 experiments) or above, into a state of exaltation (7 experi- 
ments), Spontaneous recovery of the failing reflex excitation in this way is an absolute sign of spinal shock, It 
must be pointed out that in 30 experiments we found complete agreement in time between the duration of spinal 
shock and the development of an anelectrotonic state of the spinal cord (from 1 to 7 minutes, on the average 
2.9 minutes) this suggests a functional link between these phenomena (see Figure). It is not without interest that 
in 4 frogs spinal shock coincided with relative depolarization of the spinal cord. 


In 19 of 111 experiments (about 18% of cases), as we have already stated, the frogs developed general 
traumatic shock. In these cases, as a rule (in 17 frogs), chordotomy caused a transient (from 30 seconds to 3 
minutes) increase in polarization, after which the galvanometer indicator light began to move steadfastly along 
the scale, indicating the increasing depolarization of the spinal cord. At the same time a general areflexia 
developed, with paralysis of respiration, and the heart stopped in systole, 
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The influence of chordotomy on the polarization of the spinal cord and 
the threshold of reflex excitation, 

a) Experiment dated March 8; b) experiment dated March 10, The up- 
per row of figures indicates the value of the threshold as the distance in 
cm between the induction coils. The arrow indicates the moment of 
chordotomy. Below — the zero line of the galvanometer scale. 
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The chordotomy which was performed in 16 of the 17 frogs which died produced no changes of any sort in 
the potential difference; before and after chordotomy it remained at the same level, Only in one experiment 
was there a rise in the potential difference between the anterior root of the spinal cord and the muscle. Direct 
excitation of the spinal cord was absent, The cause of the change in potential in this experiment remained un- 


detected. 
Summarizing the results obtained it may be stated that: 


1, High chordotomy causes spinal shock in 39% of frogs, and in 20% of cases a primary increase of reflex 
excitation, 

2. Statistical analysis of the results by the “chi-square” method demonstrates with sufficient precision and 
reliability the existence of a connection between spinal shock and the increase of polarization (anelectrotonic 
state) of the spinal cord, and also between an increase in reflex excitation and relative depolarization (catel- 
ectrotonic state) of the spinal cord. 


3. The duration of spinal shock (from 1 to 6 minutes, on the average 2.9 minutes) in 30 experiments cor- 
responded in time to the rise in polarization (from 1 to 7 minutes, on the average 2.9 minutes). 


4, It must be assumed that general traumatic shock is associated with the development of deplorization at 
different levels of the central nervous system, 


5. Chordotomy, when performed on dead frogs, causes no changes in the general dynamics of the polari- 
zation current. 


SUMMARY 


One hundred and twenty-eight experiments were conducted on frogs. The difference of electrostatic poten- 
tials (rest current) between the exposed surface of the spinal cord and the denervated muscle was measured, 
Chordotomy carried out below medulla oblongata increased the polarization of the spinal cord in 58 experiments 
(of the 92) and caused relative depolarization in 20. Statistically authentic correlation was established between 
the increase of polarization of the spinal cord and development of spinal shock, as well as between the relative 
depolarization and the increase of the reflex excitation (x%=35.00, p<0,01), General traumatic shock (19 experi- 


ments) is connected with increasing depolarization of the spinal cord, Chordotomy carried out in dead frogs (17 
control experiments) does not change the electrostatic potentials. 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


THE IMPORTANCE OF THE FUNCTIONAL STATE OF THE HIGHER DIVISIONS OF THE 


CENTRAL NERVOUS SYSTEM IN DISORDERS OF CHOLESTEROL METABOLISM 


T. D. Dzidziguri 


From the Therapeutic Section (Acting Head — Prof. B, V. Il’inskii) and the Laboratory 
of Corticovisceral Pathology (Head — Prof, 1. T. Kurtsin) of the L P, Pavlov Institute of 
Physiology (Director — Academician K, M, Bykov) of the Academy of Sciences of the 
USSR, Leningrad 


(Received February 17, 1958, Presented by Academician K, M, Bykov) 


For a long time clinicians have pointed out the important role of the nervous system in the etiology, patho- 
genesis and clinical course of atherosclerosis [2, 6, 7, 9, 11, 12], but the experimental approach to this problem 


is still inadequate. 


Research carried out mainly by N, N, Anichkov (1912 — 1956) and his school has shown the importance of 
disorders of lipid metabolism in the etiology and pathogenesis of atherosclerosis and developed an experimental 
reproduction of this disease; the importance of an increased concentration of cholesterol in the blood and of 
changes in its physicochemical state in the development of atherosclerosis has also been demonstrated. 


S. S, Khalatov [15, 16] and his co-workers, especially P. D. Gorizontov [5], have directed attention to the 
role of the brain in the production of hypercholesteremia, and moreover they regard the brain as a depot from 
which cholesterol enters the peripheral blood in increased amounts in certain pathological conditions, 


P. I. Shchegolev [18] produced hypercholesteremia in animals by interference with the cerebral circulation 
(ligation and embolism of vessels). N. T. Shutova [17] observed that whereas during extirpation of a portion of the 
cerebral hemispheres in dogs hypercholesteremia appears, it does not do so after total extirpation of the cerebral 
hemispheres, P, D, Gorizontov [5], observing hypercholesteremia in dogs with experimental aseptic meningo- 
encephalitis, first pointed out the important role of the neuroglia in the synthesis of cholesterol, The importance 
of the emotional factor in raising the blood cholesterol level has been discussed by Lyons [21] and by M, A, 
Chalisov, N, M, Vol'fson and D, N, Arutyunov [16]. 


Nevertheless, in all the investigations cited, no account has been taken whatsoever of the functional state 
of the higher divisions of the central nervous system when considering cholesterol metabolism, Papers showing 
the role of the functional state of the higher divisions of the central nervous system in the production of disorders 
of cholesterol metabolism and in the development of experimental atherosclerosis began to appear only very re- 
cently. Yu, T, Pushkar’ [10], for instance, raised the excitation of the cerebral cortex in rabbits receiving cho- 
lesterol with their diet by the administration of phenamine to them, and observed a more severe atherosclerosis 
than in animals receiving cholesterol without phenamine, On the other hand, the blood cholesterol level can be 
lowered in rabbits and the severity of experimental atherosclerosis reduced by administration of chloral hydrate, 
according to the same author's findings. Analagous results were obtained by I. K. Shkhvatsabaya [19]. 


A. L, Myasnikov [6] observed an increase in the blood cholesterol in patients after administration of phena~ 
mine of caffeine, but sodium amytal and chloral hydrate lowered this level. F, K. Yarovoi, by repeated acupunc- 
ture in the region of the higher vegetative centers in rabbits receiving cholesterol with their diet, produced a 
more severe experimental atherosclerosis than in control animals in which no puncture was carried out. 


4 
3 
4 
> 
‘a ap 
¥ 
3 
bs 
= ‘ 
163 


726 313 21 282816 26 2924101217 19.24 2659 22.2 192126206 10121817 20 23 6 202204 
January February March April May June July August 


1956 Date of investigation 


Fig. 1, Changes in the cholesterol level (upper curve), the sum of the positive condi- 
tioned reflexes in the experiment (middle curve) and the differentiation (lower curve) 
in the dog Lira under normal conditions and during disturbance of the higher nervous 
activity. In the period between the arrows ¥ — establishment of a delayed interocep- 
tive reflex; the arrow 4} corresponds to the moment of the "conflict". Cholesterol 
content in mg%, magnitude of conditioned reflexes and differentiation in divisions of 
the scale (1 drop = 2 divisions). 


These findings are in full agreement with the large volume of work testifying to the role of the higher 
divisions of the central nervous system in disorders of metabolic processes and of the function of the internal or- 


gans [3, 13]. 


The aim of the present investigation was to study the influence of the functional state of the higher divi- 
sions of the central nervous system — especially the cerebral cortex — on cholesterol metabolism. 


EXPERIMENTAL METHOD 


The investigation consisted of chronic experiments on 4 dogs with fistulas of the stomach, the urinary blad- 
der and the parotid salivary gland. As a rule we measured daily in each dog the serum cholesterol concentration 
by Sacchetti's method. In 2 dogs (Lira and Rika) conditioned food reflexes were established by the classical 
method of Pavlov. After consolidation of a system of positive and inhibitory conditioned reflexes, a disturbance 
of the functional state of the higher nervous activity was created: at first by over-exertion of the process of in- 
hibition during the production of a delayed conditioned reflex, and later by over-exertion of the mobility of the 
basic nerve processes during a “conflict” of an associated pair of positive and inhibitory conditioned reflexes. 


In the remaining two dogs no conditioned reflexes were established. Disturbance of the functional state of 
the central nervous system was produced by conflict of food and defensive unconditioned reflexes (at the same 
time as they received a food stimulus the experimental animals were subjected to the action of an electric cur- 
rent of 5 vy). 


EXPERIMENTAL RESULTS 


In the dog Lira (weight 16 kg) positive conditioned food reflexes were established after the 7-10th combi- 
nation and consolidated after the 15-20th combination. Differentiation was established equally quickly (10-12 
applications); it was complete and rarely disinhibited. The stereotype of conditioned reflexes consisted of the 
following stimuli in order: bell, light (100 w), metronome with 120 beats per minute, differentiation — metro- 
nome with 60 beats per minute, positive interoceptive conditioned reflex to rhythmic stimulation of the stomach 
by means of a rubber balloon (pressure 20-30 mm of mercury), The time lag of the reflexes was 20 seconds. The 
interval between the conditioned reflexes was 5 minutes. After consolidation of the stereotype the magnitude of 
the positive conditioned reflexes was varied only negligibly on the days of the experiments, In all the experiments 
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Fig. 2, Changes in the level of the cholesterol and the conditioned reflexes in 
the dog Rika. In the period between the arrows a delayed conditioned reflex 
was being established. Notation as in Fig. 1. 


Fig. 3. Cholesterol concentration (in mg%) before and after conflict 
between food and defensive unconditioned reflexes. The arrows indi- 
cate the moment of conflict of the reflexes, 

a) In the dog Buket; b) in the dog Churik,. 


there was a relationship between the magnitude of the conditioned reflex and the physical strength of the stimu- 
lus. The conditioned reflexes to the bell and metronome with 120 beats per minute were always greater than 
those to light and to interoceptive stimulation of the stomach. After the establishment of a background of normal 
higher nervous activity and the determination of the fluctuations in the level of the blood cholesterol of the dogs, 
the positive interoceptive conditioned reflex was converted into a delayed (by 3 minutes) conditioned reflex with 
the aim of causing over-strain of the inhibitory process, 


The establishment of a delayed interoceptive reflex was a very difficult task for this dog and led to the 
disturbance of its higher nervous activity. The first changes in conditioned reflex activity were observed after 4 
days and were shown by a decrease in the magnitude of the positive conditioned salivary reflexes; later on an in- 
crease of excitation gradually appeared, and differentiation was disinhibited; in addition equalizing and paradox- 
ical phases were noted at a high conditioned reflex level. t 


The production of a delayed conditioned reflex continued for 40 days of the experiments, but was incon- 
Clusive and these delayed reflex experiments were discontinued. 
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The normal blood cholesterol in the dog Lira varied from 90 to 152 mg%, In the process of establishment 
of the delayed conditioned reflex there was a sharp rise in the cholesterol level (to 240 mg); subsequently the 
cholesterol fluctuated considerably for a long period of time (Fig. 1). 


After the conclusion of the delayed conditioned reflex experiments, taking 2— 3 weeks, the state of the 
higher nervous activity was restored to normal. The cholesterol level fell to its original value. Later, one month 
after the conclusion of these experiments a "conflict" of the cortical processes was induced in the dog. Changes 
were then observed once again in the level of the conditioned reflexes and in the blood cholesterol level; this 
time, however, the hypercholesteremia was less marked, although for several months after the conclusion of the 
conditioned reflex experiments the cholesterol level was higher than normal (150, 194, 202 mg%). 


In the dog Rika (weight 15.5 kg) the stereotype consisted of the same stimuli acting in the same order as 
in the case of Lira, In Rika the normal blood cholesterol level varied between 75 and 156 mg, 


In normal conditioned reflex activity in this dog a more pronounced fluctuation was observed in the magni- 
tude of the positive conditioned reflexes; differentiation was not always complete and was easily disinhibited. 
Establishment of a delayed interoceptive conditioned reflex was also difficult in this dog. We were unable to 
produce such a reflex in the course of 40 experiments, and the process of establishing it itself caused a disturbance 
of higher nervous activity; it was expressed by the appearance of phasic changes in the positive conditioned re- 
flexes and by the more marked disinhibition of differentiation. 


In the course of the first 2 weeks of establishment of a delayed reflex the cholesterol level did not exceed 
normal, but at the end of the third week it rose to 246 mg% and stayed at this level for 10 days. After the con- 
clusion of the experiments to establish a delayed conditioned reflex the higher nervous activity and the choles- 
terol level in the blood returned very rapidly to their original values (Fig. 2). 


In the dog Buket the normal cholesterol level was 82— 105 mg%, and in the dog Churik it varied between 
15 — 150 mg%, In these dogs a conflict was induced between alimentary and defensive reflexes, As shown by 
research in L T. Kurtsin's laboratory, this method causes a functional disorder of the central nervous system and 
of the activity of internal organs. After the conflict between the reflexes in these dogs the cholesterol level is 
raised for a long time. In Buket the maximum cholesterol concentration was 176 mg% and in Churik — 187 mg% 
(Fig. 3). 


It is clear from the experimental results given that the disturbance of the functional state of the higher di- 
visions of the central nervous system caused a rise of the blood cholesterol level, followed by considerable fluctu- 
ations, This is shown by the fact that the increase in the blood cholesterol and the sharp fluctuations of its level 
coincided in time with the appearance of maximal changes of conditioned reflex activity in the experimental 
dogs. It must be remembered that our experimental animals were not subjected to excessively severe nor frequent 
trauma to the central nervous system; nevertheless the cholesterol concentration reached a higher level during 
disturbance of higher nervous activity than that which was produced by giving the dogs a diet rich in lipids. Under 
these circumstances the high cholesterol level was maintained (especially in the dog Lira) for a considerable 
length of time too after the conclusion of the conditioned reflex experiments. This is all the more interesting 
because we know that the blood cholesterol level in dogs cannot be raised for a long period of time by feeding 
the animals with cholesterol. I. E, Ganelina [4], for instance, by feeding dogs on cholesterol for several months, 
succeeded in raising the blood cholesterol from 90 — 118 to 160 ~ 170 mg%, but when the administration of cho- 
lesterol ceased, its concentration in the blood rapidly fell. 


The results which we obtained, showing the sustained increase in the cholesterol level in dogs in response 
to action on the functional state of the higher divisions of the central nervous system only, appear to us to be of 
great interest; they show the important role of the higher nervous centers in the regulation of cholesterol metabo- 
lism and they bring us closer to an understanding of the mechanism of those disturbances of cholesterol metabo- 
lism which, in the modern view, lead to the development of atherosclerosis. 


SUMMARY 


Experiments were performed on 4 dogs in condition of chronic experiments. The blood serum cholesterol 
level was determined. Food conditioned reflexes were formed in 2 dogs by the classical Pavlov’s method, After 
consolidation of the positive and inhibitory conditioned reflex a disturbance of the functional condition of the 
higher nervous activity was induced by overstraining of the inhibitory process in forming the delayed conditioned 
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reflex, The functional condition of the central nervous system was disturbed in 2 dogs by the clash of the food 
and defense reflexes. In disturbance of the functional condition of the central nervous system an increase of the 
blood cholesterol level was observed. The time of the rise of blood cholesterol level and of sharp variations in 

its level coincided with the appearance of maximal changes in the central nervous system, These experiments 
demonstrate the role of the functional condition of the higher portions of the central nervous system in disturbance 
of cholesterol metabolism. 
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REGULATION OF THE BLOOD CHOLESTEROL 
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Information has been obtained in recent years showing the importance of heparin and heparin-like sub- 
stances in the regulation of the cholesterol content of the blood [17]. Some workers [15, 17] believe that in 
atherosclerosis the heparin activity is reduced. Ray, Basu and Stewart [15] point out a correlation between the 
heparin activity and the lipid content of the blood plasma. 


The discovery of the clearing factor and the elucidation of its relationship to heparin emphasize the im- 
portance of changes in the physicochemical properties of the blood lipids in the development of hypercholes- 
teremia — the leading sign of a disturbance of the cholesterol metabolism. The action of the clearing factor and 
of the heparin-like substances is to promote hydrolysis of lipoproteins and to clear the blood plasma of its fatty 
acids. 


The aim of the present investigation was to examine the influence of heparin on the retention of choles- 


terol in the brain, as an organ with a higher cholesterol content than the liver, to which is attributed a leading 
part in the removal of cholesterol from the blood, 


The basis for this investigation was provided by the work of S, S. Khalatov [9], who demonstrated the role 
of lesions of the brains (encephalopathies) in the production of endogenous hypercholesteremia., These findings 
were confirmed by many experimental investigations [1 — 14]. 


EXPERIMENTAL METHOD 


We carried out experiments on 16 dogs 11 experimental and 5 control animals, using the method of com- 
parative estimation of the concentration of cholesterol and its fractions in the blood entering and leaving the or- 
gan, 


Two organs were investigated: the liver blood was taken from the hepatic artery (entering) and the hepat- 
ic vein (leaving), and the brain — blood was taken from the carotid artery (entering) and the jugular vein (leaving). 


From dogs under morphine-ether-chloroform anesthesia, blood was taken simultaneously from all the vessels 
used in the investigation for estimation of the cholesterol, after which the experimental animals were injected 
intravenously with heparin solution (Heparin Richter) in a dose of 0,01 g per kg body weight, and 15 minutes later 
blood was again taken from the same vessels, Instead of heparin, physiological saline was injected into the con- 
trol dogs. 


Quantitative estimation of cholesterol and its fractions (total, cholesterol as ester, and free cholesterol) was 
carried out gravimetrically by the digitonin method, using an electrophotocolorimeter for the colorimetry. 
EXPERIMENTAL RESULTS 


After the intravenous injection of heparin the concentration of cholesterol in the blood fell in all the ves- 
sels examined and in all the experiments. 
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TABLE 1 


Concentration of Cholesterol and Its Fractions in the Serum of Dogs Before and After In- 
jection of Heparin (mean values of 11 experiments) 


Cholesterol content in mg% 


total as ester free 


Name of vessel ff ff 
before} after a before| after = beford after = 
Hepatic artery 116 | 110 | —6 82 80 | —2 36 32 | —4 
Hepatic vein 133 | 114 | —19] 87 85 —2 43 29 | —14 
Carotid artery 118 | 112 | —6 83 81 —2 | 36 31 | —5 


Jugular vein 122 | 108 | —14/ 80 77 | —3 |] 41 31 | —10 


TABLE 2 


Concentration of Cholesterol and Its Fractions in the Serum of Control Dogs (mean value 


of 5 experiments) 
Cholesterol content in mg 


Jugular vein 128 | 128 0 | 83 83 0; 45 45 


total as ester free 
Name of vessel 
before] after differ after differ before|after differ 
s Hepatic artery 120 | 121 | +1 | 81 | 82 | 41] 39 | 39 | O 
fe Hepatic vein 134 135 | +41 81 82 +1 53 53 0 
a Carotid artery 121 | 121 0 | 82 81 —1 39 39 : 


TABLE 3 


Proportion of Ester and Free Cholesterol as a Percentage of the Total Serum Cholesterol of 
Dogs Before and After Injection of iit 


___as ester_ free: 
Name of vessel 
before| after after |difference 
Hepatic artery 69 | 71 -|-2 31 29 —2 
Hepatic vein 68 75 +-7 32 25 —7 
Carotid artery 69 73 --4 31 29 —2 
Jugular vein | 67 72 | -+-5 33 28 —5 


In the control animals no changes were found in the blood cholesterol after injection of physiological saline 
(Table 2). 


The fall in the blood cholesterol of the experimental animals occurred, as may be seen from Table 1, main- 
ly on account of a fall in the free cholesterol. Whereas normally the free blood cholesterol accounted for 32% of 
the total in all the vessels examined, after injection of heparin its concentration became 25% in the hepatic vein 


and 28% in the jugular vein (Table 3), 


No changes were observed in the percentage of free cholesterol in relation to the total in the control dogs. 
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By comparing the degree of reduction of the concentration of cholesterol and its fractions in dogs after in- 
jection of heparin, in the blood entering the organ and in that leaving it (Table 1), it may clearly be stated 
that the fall of both total cholesterol and of its fractions, and in particular of the free cholesterol, was greater in 
the blood leaving the organ. Whereas the total cholesterol concentration in the blood from the hepatic artery fell 
by 6 mg% from its initial level of 116 mg%, i.e. by 5%, the total cholesterol in the blood from the hepatic vein 
fell by 19 mg from its initial 133 mg, i.e, by 15%, An even greater degree of difference was shown by the free 
cholesterol; the free cholesterol in the hepatic artery, for instance, fell by 4 mg% from the initial 36 mg%, i.e, 
by 11%, whereas the fall in the free cholesterol of the hepatic venous blood was 14 mg% from its initial level of 
43 mg, i.e. 32%, 


These findings emphasize the role of the liver in the removal of cholesterol from the blood, 


The results obtained in the investigation of the concentration of cholesterol and its fractions in the blood 
from the carotid artery (entering) and the jugular vein (leaving the brain) suggest that the role of the liver is not 
an exclusive one in this process and that the brain actively retains cholesterol, and in particular free cholesterol, 
in its tissue after injection of heparin, For instance, whereas the total cholesterol in the blood from the carotid 
artery fell by 6 mg% from an initial level of 118 mg%, i.e. by 5%, its concentration in the blood from the jugu- 
lar vein fell by 14 mg%, i.e, by 11% from the initial 122 mg% The difference is expressed to an even greater 
degree in respect of the free cholesterol, In the carotid artery it fell by 5 mg% from the initial 36 mg%, i.e. by 
13%, and in the blood from the jugular vein its absolute value fell by 10 mg% from the initial concentration of 
43 mg, i.e, by 24%, 


The same relationship was shown in the changes in the proportion of free to total cholesterol; for instance 
whereas the free cholesterol in the carotid artery fell from 31 to 29% after injection of heparin, in the blood from 
the jugular vein it fell from 33 to 28%, i.e. by 5%, The results of the investigation lead to the conclusion that the 
regulation of the blood cholesterol after injection of heparin involves the participation not only of the liver but of 
the brain also. 


The proportionately greater fall in the free cholesterol may be interpreted as showing the greater impor- 
tance of this fraction of the cholesterol in this particular process, 


SUMMARY 


Experiments were conducted on 16 dogs, 5 of which were control. A comparative significance of the liver 
and of the brain in the control of cholesterol in the blood serum in administration of heparin was studied. The 
method of comparative determination of the total cholesterol and its fractions — ether-combined and free in the 
inflowing and outflowing blood of the liver and of the brain, was used. A significant decrease of total cholesterol 
in the blood flowing from the organs was noted, Evidently the blood cholesterol level is controlled not only by 
the liver, but also by the brain, which is confirmed by the active retention of cholesterol in the brain tissue, De- 
crease - the blood cholesterol level (as a result of the drop of free cholesterol, i.e, the fraction which equals 
about “S of the total cholesterol) following the administration of heparin permits to conclude that free cholesterol 
plays an important role in this process, 
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DISTURBANCE AND RESTORATION OF THE FUNCTION OF THE INTERNAL 
ORGANS DURING CLINICAL DEATH AND ENSUING RECOVERY 


COMMUNICATION I, DISTURBANCE AND RESTORATION OF CERTAIN FUNCTIONS OF THE 
STOMACH AFTER DEATH FOR 30 MINUTES DURING HYPOTHERMIA 


M, A. Usievich 


From the Laboratory of Experimental Physiology of Resuscitation (Head — Prof. V. A. 
Negovskii) of the AMN SSSR, Moscow 


(Received January 15, 1958, Presented by Active Member of the AMN SSSR V. N, Chernigovskii) 


In a previous communication [1] changes were described in the secretory and motor functions of the stom- 
ach in an animal recovering at first from clinical death for 2“, minutes from loss of blood, and then 7 months 
later, after clinical death for 7 minutes, The prolonged period of clinical death in the latter case is explained 
by the onset of fibrillation in the initial period of resuscitation. In spite of this severe complication the period 
of recover of the vital functions passed relatively quickly, and after 4 months it was found possible to subject the 
animal to a third experiment, along the lines of the previous ones, but with a slight modification. 


On April 10, 1957 the animal was cooled under pentothal anesthesia.* When the body temperature had 
fallen to 26°C, bleeding from the femoral artery was started: It took 7 minutes 37 seconds to produce a state of 
clinical death, which lasted for 30 minutes; restoration of the vital functions was accomplished by means of a 
combination of resuscitation measures. 


The cardiac activity was reestablished 8 seconds after the beginning of resuscitation, and after the intra- 
venous injection of 0.2 ml of ephedrine, the vascular tone was restored on the 27th minute, Spontaneous respi- 
ration reappeared later ~ 109 minutes 52 seconds after the beginning of resuscitation. An attempt to hasten the 
appearance of respiration by injection of lobeline (on the 80th, 92nd and 95th minutes of resuscitation) led only 
to the development of a series of rapid respiratory movements (of the inspiratory dyspnea type), which died away 
again after 28-40 seconds. The spinal reflexes returned 2 hours after the start of resuscitation, and after 10 hours 
the hearing and vision of the dog was restored. After 16 hours 36 minutes the stance of the animal was fully 
restored and it once more began to show the aggressive reaction to strangers which was usual for it in normal con- 
ditions. After 17 hours the dog walked by itself out of the operating room on the second floor of the building into 
the vivarium, and after 28 hours it was included in a sham feeding experiment. 


EXPERIMENTAL METHOD 


For 4 months before the lethal exsanguination experiment under hypothermia, various aspects of the gastric 
activity of the dog were studied systematically. In this particular series of experiments, besides investigating the 
magnitude and character of the secretion of the gastric glands in response to sham feeding with raw meat for 3 
minutes, and observing the periodic activity of the stomach, we studied the character and rate of evacuation from 
the cavity of the stomach of a 2% solution of starch or a 0.5% solution of hydrochloric acid introduced separately 
into it, and also the time of appearance and rate of excretion in the gastric juice of a 2% solution of the dye neu- 
tral red, injected subcutaneously into the animal during sham feeding, usually 2 minutes after this had started. 


* The experiment was carried out with the assistance of Senior Scientific Assistant V. L Soboleva. My sincere 
thanks are due to her. 
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Character of the periodic activity of the stomach of a dog after undergoing clini- 
cal death for 30 minutes under hypothermia. Significance of the curves (from 
above down): periodic secretion in the first days after clinical death, time marker, 
(1 minute); periodic secretion 2 months after resuscitation, time marker (1 minute), 


After the dog had undergone experimental clinical death for 30 minutes under hypothermia, all the investigations 
given above were repeated on several occasions in the course of the next 2 months and 10 days. 


EXPERIMENTAL RESULTS 


The results of our previous investigations [1] showed that after lethal experimental exsanguination, the 
period of after-effects in the form of abnormalities of certain functions of the animal lasted for about 2— 3 
months, For this reason we accepted the results of observations made not less than 2 months after the second 
lethal exsanguination experiment on the dog, on December 7, 1956, as controls. 


We carried out a small number (3 — 4) of experiments, which in general gave similar results that may be 
summarized as follows: the volume of gastric juice collected in one hour after sham feeding for 3 minutes varied 
from 105 to 130 ml, with a total acidity of 0.51% HCl and with a digestive power of 6 mm, After clinical death 
for 30 minutes under hypothermia, the volume of gastric secretion under the conditions described above showed 
severe fluctuations: from 19-31-36 to 128-153 ml in one hour throughout the first month after the lethal exsan- 
guination experiment, and from 101 to 196 — 229 ml in one hour throughout the second month of observation. 
Only during the last 10 days of the experiment was the volume of the gastric secretion established at the level of 
139 — 155 ml of gastric juice in one hour of observation after sham feeding for 3 minutes. 


Thus during the first period the gastric secretion was sharply depressed: the average value in 10 observa- 
tions was 73 ml in one hour; but in the second period the average of 8 experiments was 164 ml (hypersecretion). 


The comparative data of acidity and digestive power of the gastric juice showed weakening of the func- 
tional activity of the gastric glands. The total acidity of the gastric juice, for instance, fell from an average 
value of 0.51% (results of 16 experiments) to 0.47% (results of 19 experiments). The digestive power also was 
reduced: from 6.1 mm to 5.4 mm, an average reduction of digestive power of 1615 enzyme units calculated on 
the basis of one experiment, This reduction of the digestive power and acidity remained stable throughout the 
period of observation (over 2 months). 


In this series of experiments a severe disturbance of the motor function of the stomach could be found by 
observation of the periodicity of the stomach. In the period preceding the exsanguination experiment, lasting 4 
months, we carried out 17 experimental observations of the character and duration of the working periods of the 
**fasting” stomach, After clinical death for 30 minutes we were able to carry out only 10 experiments on the 
same lines, The general pattern of the changes in motor function by this method resembles that described by us 
in the first communication, namely that during exsanguination and subsequent clinical death there is a marked 
increase in the duration of the periods of "work" (the average duration of one period of "work" rose from 41 min- 
utes before the experiment to 45 minutes) and a decrease in the periods of rest (from an average of 30 minutes to 
24 minutes 45 seconds). 


The experimental results support our view of the intensification and enhancement of excitation of the nerve 
apparatus regulating the motor function of the stomach, The significant shortening of the resting periods, which 
was not observed in the two previous experiments, affords an even greater degree of confirmation of this change 
in the regulating factors in the direction of an essential weakening of inhibitory influences. 


We also determined the character of the motor function of the stomach by experiments on the evacuation 
of 200 ml of a 2% solution of starch or 200 ml of 0,5% HCl solution from the stomach, These experiments showed 


| 
ty 
4 
yet 
ind 
af 
ae 
Di. 
173 


that 200 ml of 2% starch solution, introduced into the stomach, was evacuated within 30 — 50 minutes (the average 
of the control periods was 38 minutes). 


After experimental clinical death for 30 minutes, evacuation of starch from the stomach was prolonged to 
46 minutes. In these experiments signs of a slight weakening of motor function were observed, somewhat remi- 
niscent of atony, A completely different picture was seen in response to infusion of 200 ml of 0.5% hydrochloric 
acid, warmed to body temperature, into the stomach. In the control experiments the hydrochloric acid was kept 
in the stomach from 2 to 4 hours, and was evacuated extremely slowly and gradually, In this case there took 
place the “acid” reflex effect on the pyloric sphincter, known since the time of I, P. Pavlov’s research, allowing 
the passage of the strongly acid liquid only so long as it could be neutralized by the pancreatic juice. Experi- 
ments in which hydrochloric acid was introduced after clinical death for 30 minutes were invariably unsuccessful 
throughout the period of over two months, Very soon after the hydrochloric acid was introduced into the stomach, 
violent antiperistaltic movements began in the duodenum and stomach; a mixture of gastric and intestinal con- 
tents was vomited and the experiment had to be abandoned sooner or later. In this way our view of the increased 
excitation of the motor apparatus of the stomach was confirmed by the experimental findings. 


The last group of investigations was concerned with the excretory function of the stomach. During a sham 
feeding experiment, 2 minutes after its commencement we injected 1 ml of 2% neutral red in physiological sa- 
line subcutaneously into the dog. Six control experiments were carried out, As a,rule weak staining (beginning of 
excretion of dye) was observed at the 7th minute of secretion of gastric juice: staining of marked intensity was 
usually observed during the first 45 minutes of secretion, and then the staining began to fade rapidly, In 5 experi- 
ments carried out in the course of the 2 months immediately after clinical death for 30 minutes, the beginning 
of staining of the gastric juice was somewhat delayed by comparison with the controls — on the average by 2 min- 
utes 42 seconds (against 7 minutes to 9 minutes 42 seconds), and the intense staining of the gastric juice persisted 
for 65 minutes, whereas in the controls the intense staining did not last for more than 45 minutes. Hence a per- 
ceptible weakening of the excretory function of the mucous membrane of the stomach was also present, 


As an illustration of the character of the periodic activity of the stomach we show the kymogram obtained 
in the experiment on June 9, 1957, i.e. 2 months after the dog had undergone clinical death for 30 minutes under 
hypothermia (see Figure). 


It can be seen from the Figure that only the second period is expressed in the form of clear, periodic large 
waves of contractions, whereas the form of the motor activity in the first period of "work" is characterized by 
prolonged and chaotic movements resembling those in our previous communication, consisting of small waves of 
the most diverse size and shape. This example, it seems to us, very clearly illustrates that the motor function of 
the stomach is far from completely restored even 2 months after experimental clinical death for 30 minutes, In 
other words, prolonged clinical death, even under conditions of hypothermia, is followed by a very long period of 
aftereffects, which are shown particularly clearly on the excretory and evacuatory activities of the stomach. 


Observations of the state of the animal as a whole after 3 lethal exsanguination experiments enabled us to 
detect one further special feature which evidently concerns the character of the metabolism in such an animal. 
This is an unremitting fall in the weight of the dog during the 13 months of observation. On the day of the first 
experiment (May 31, 1956) for instance, the weight of the dog was 17.5 kg, on the day of the second experiment 
(December 7, 1956) it was 16,3 kg, and on the day of the third experiment (April 10, 1957) — 15 kg. 


The dog died on July 1, 1957, from an accidental cause, when its body weight was only 11 kg. Such a 
persistent fall in weight cannot be attributed to a change in the diet. On the contrary, we tried in every way to 
raise the calorie value of the diet by adding fish oil, milk and egg to the food. Twice a day the dog received 
hot gruel with vegetables, meal, bread and stewed meat; in addition it was always possible for it to take about 
200 g of raw meat. We can make two suggestions on the cause of this persistent fall in the animal's weight: 
either it was the result of a higher level of basal metabolism, in consequence of the lethal exsanguination ex- 
periments, or the dog lost weight because the modification in the function of the gastrointestinal tract after the 
repeated experiments led to a sharp fall in the assimilation of food ingested by the animal. This question can be 
answered correctly only after special investigations. 


The experimental results described thus demonstrate the considerable and prolonged pathogenic afteref- 
fects on various aspects of the gastric function in animals which are associated with lethal exsanguination and 
Clinical death of varying duration, 
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SUMMARY 


A dog was twice subjected to exsanguination with 2- and 7-minute clinical death. In 2 months after the 
second experiment it underwent a 30-minute clinical death in condition of hypothermia. There was a favourable 
process of reestablishment of the vital functions, which made it possible to conduct examination of the stomach 
function (in the chamber on a stand) in 24 hours after exsanguination, Notwithstanding this, not a single function 
of the stomach was reestablished for a long time. The excretory and the evacuatory functions were found to be 


the most to suffer. 


Prolonged observation of the restorative processes after 3 experiments with exsanguination of dogs demon- 
strated the presence of acute metabolic disturbances which resulted in systematic, continuous loss of weight, not- 
withstanding an increased full-value diet. 
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THE INFLUENCE OF LABOR ON THE CEREBRAL VASCULAR SYSTEM 


OF CERTAIN ANIMALS 


T. P. Zhukova 


From the Laboratory for Study of the Development of the Brain (Head — Corresponding 
Member of the AMN SSSR Prof, B, N, Klosovskii) of the Institute of Pediatrics 

(Director — Corresponding Member of the AMN SSSR Prof, O, D, Sokolova~Ponomareva) 
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At the time of labor the fetus is subjected to a series of influences which may lead to oxygen deficiency 
and to disturbance of the cerebral circulation, Abnormal labor is often accompanied by fetal asphyxia, charac- 
terized by signs of profound disturbances of the cerebral circulation (hemorrhage, hyperemia and so on). It may 
be assumed that normal as well as abnormal labor affects the cerebral circulation of the fetus, the changes in 
which may be temporary in character and not expressed outwardly in the condition of the newborn infant. 


In view of this we considered the problem of the character of the changes in the vascular system of the 
brain in the fetus during labor. For this purpose we investigated the filling and the morphological state of the 
vascular system of the cerebral hemispheres in fetuses of certain laboratory animals shortly before birth, imme- 
diately after birth and a few hours or 1 day after birth. 


EXPERIMENTAL METHOD 


Experiments were carried out on cats and rabbits. Twenty-six pregnant cats were used altogether, from 
which 15 fetuses and 42 newborn kittens were obtained, and 14 pregnant rabbits, from which 54 newborn rabbits 


were taken for the experiment, 


The blood supply of the cerebral hemispheres of the fetuses shortly before birth was investigated only in 
cats, Rabbits were used for determination of the amount of blood in the cerebral hemispheres immediately after 
birth and a few hours or 1 day after birth. The fetuses were obtained either after decapitation of the pregnant 
cat (without anesthesia), followed by rapid opening of the peritoneal cavity and extraction of the fetuses from the 
uterus, or by extraction of the fetuses from the uterus of the pregnant cat under local anesthesia (with novocain). 
Immediately after extraction the fetuses were decapitated, as also were the newborn animals, 


The blood volume was estimated colorimetrically after the hemoglobin had been extracted from the brain 
tissue and blood of the animal with acetone acidified with hydrochloric acid [1], Usually only one hemisphere 
was used for determination of the blood volume; the second cerebral hemisphere was treated histologically to re- 
veal the capillary network and the blood vessels (staining with acid fuchsin by Eros's method and silver impreg- 
nation by Klosovskii's method). In some cases series of sections were prepared through the whole brain of kittens 
and rabbits immediately after birth and these were stained with acid fuchsin to show any possible hemorrhages. 
The blood volume was expressed as a percentage of the weight of fresh tissue. 


EXPERIMENTAL RESULTS 


The results of the estimations are shown in Tables 1, 2 and 3. 


As may be seen from Table 1, the quantity of blood in the cerebral hemispheres of cat fetuses (13-14 cm 
in length) shortly before birth varied between limits of 0,79-1.22%, or was on the average 1.06%, In cases where 
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TABLE 1 


Volume of Blood in the Cerebral Hemispheres of Cat Fetuses and of Newborn Kittens 


| C. Quantity of 
A. Quantity of B. Quantity of blood in the cere~ 


Expt. | blood in the cere-| Expt. |blood in the cere-| Expt, | bral hemispheres of 
No. bral hemispheres No, _|bral hemispheres No. kittens a few hours 
| of the fetuses, % of newborn kittens % a day after birth, 
la 0,79 l 1,41 la 0,70 
Ib 1,07 Qa 1,40 2 1,10 
le 1,19 2b 1.37 3a 0,88 
id 1,16 3a 1,67 3b 0,91 
2d 0,97 3b 1,65 4a 0,74 
2e 1,01 4a 1,44 4b 0,82 
3 1,16 4b 1,03 5 0,82 
3b 1,09 5b 1,26 
3c 1,22 6a 1,57 
4a 0,97 6b 1,49 _— -- 
- 7a 2,09 -— 
- — 7b 2,00 — — 
ine she 8 1,93 
= 10a 1,43 
Average 1,06 - | ave Average 1,53 | | Average 0,81 


Note: The letters attached to the numbers of the experiments in this and the succeeding 
tables imply kittens of the same litter. 


the experiment was done on kittens immediately after birth and before suckling (5-30 minutes after birth), the 
quantity of blood in the cerebral hemispheres was 1.22-2.09%, or on the average 1.53%, Apart from one case 
(Table 1,B, experiment 4b), in all the cats of this group the values of the quantity of blood in the cerebral hemi- 
spheres were higher than in the fetuses before birth, by on the average 44% The wide limits of variation of the 
blood volume in different animals are most probably the result of differing conditions of labor in each case. 


The fact that the progress of the fetus along the maternal passages during labor can itself lead to a corre-~ 
sponding reaction in the vascular system of the brain is clearly proved by the following. The maximum values 
of the quantity of blood in the cerebral hemispheres were observed in the kittens which were born from cats in 
which labor lasted longest and was most difficult. Furthermore those cases are noteworthy of which the experi- 
ments shown in Table 1,A (experiments 2d, 2e) and in Table 1,B (experiments 7a, 7b, 7c) are an example, The 
kitten of experiment 7a was born first. Immediately after birth it was decapitated. The blood volume in the 
cerebral hemispheres of this kitten was 2.09%, The kitten of experiment 7b was born second. The cerebrat hemi- 
spheres of this kitten contained 2% of blood. After the birth of these two kittens the cat was killed and the re- 
maining fetuses were rapidly extracted from the uterus. In the next fetus, the head of which was already present- 
ing, the cerebral hemispheres contained 1.69% of blood. The blood content of the cerebral hemispheres of the 
next two fetuses, which were found in the posterior segments of the uterus, was 0.97 and 1,01% (experiments 2d, 
2e). Thus in the kittens which had passed along the labor passages, the blood content of the cerebral hemispheres 
was almost twice as high as in those fetuses not yet born, We observed an increase in the blood content of the 
cerebral hemispheres in kittens immediately after birth in all cases, irrespective of whether the kitten was born 
first, second or subsequently. 


A few hours after birth, when the kitten was dry and began to suck the cat, the blood content of the cere- 
bral hemispheres decreased. It follows from Table 1,C that the blood content of the cerebral hemispheres of 
sucking kittens in the first 24 hours after birth is between 0,7-1.1% (on the average 0.81%). Individual variations 
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TABLE 2 
Quantity of Blood in the Cerebral Hemispheres of Newborn Rabbits 
A. Quantity of blood B. Quantity of blood in 
in the cerebral hemi~ the cerebral hemispheres 
Expt. spheres of rabbits im~ | Expt. of rabbits a few hours or 
No. eaaaaated after birth, No. one day after birth, % 

lo 

la 1,87 | la 1,31 

ib 1,82 Ib 1,25 

2a 1,65 2a 0,99 

2b 1,74 2b 1,20 

3a 1,55 3a 1,25 

3b 1,56 3b 1,20 

3c 2,07 3c 0,94 

4a 1,48 3d 1,16 

4b 1,52 3e 0,46 

4c 1,87 4a 0,97 

4d 1,43 4b 1,14 

4e 1,31 5a 1,10 

5a 1,09 5b 1,07 

5b 1,33 1,12 

5c 1,25 6 1,11 

6a 1,41 7a 0,53 

6b 1,17 7b 0,75 

6c 1,58 7c 0,89 

6d 1,60 

6e 1,68 

6f 1,75 

7a 1,65 - —_ 

2,59 

Te 1,66 

7d 1,76 i 

Te 2,23 

7f 1,97 

7 1,39 - ~ 

7h 2,61 

_ | Average 1,68 | -- | Average 1,02 


in the value of the blood content in the cerebral hemispheres of these kittens are outside the limits of the varia- 
tions in kittens immediately after birth. The fact that the reduction in the blood content of the cerebral hemi- 
spheres takes place within a few hours is shown by the following experiment (Table 1,B, experiment 5b and Table 
1,C, experiment 1a). The kitten in experiment la was born first. After 4 hours, when it was dry and began to 
suck the cat, it was killed, The cerebral hemispheres of this kitten contained 0.7% of blood. The kitten in ex- 
periment 5b was born second and was decapitated immediately after birth. 


The blood content of the cerebral hemispheres of this kitten was 1.26%, i.e. 80% above that of the kitten 
in experiment la. 


Thus the blood content of the cerebral hemispheres, which rose during labor, fell again within a few hours 
after birth, on the average by 88% 


Analagous results were obtained in rabbits (see Table 2). Just as in the kittens, rabbits immediately after 
birth usually lay on their side, were wet and had not yet begun to suck the mother, The cerebral hemispheres of 
such rabbits contained 1.09-2.61% of blood, on the average 1.68%, These values of the blood content of the cere- 
bral hemispheres of the young rabbits are close to those of kittens immediately after birth. In rabbits which were 
sucking, usually at the end of the first 24 hours after birth, the blood content of the cerebral hemispheres was 
0,46-1,31%, or on the average 1.02%, In contrast to the kittens, the high values of the blood content of the cere- 
bral hemispheres in the rabbits were maintained for a longer time after birth. In individual kittens, for example, 
the blood content of the cerebral hemispheres fell to low values (0,7%) after only 4 hours, whereas in the young 
rabbits high values of the blood content were maintained for 8-10 hours, and in some cases for 24 hours. 
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TABLE 3 


The Effect of Prolonged Starvation on the Blood Con- 
tent of the Cerebral Hemispheres of Newborn Kittens 


Blood content 
of cerebral 

Experiment No. hernispheres, 
% 


A. Newborn kittens, before sucking, taken for 
the experiment immediately aikes birth 


ia. 5 hours after birth 1,23 
1,52 
* 1,33 
2b 5-7 * 1,87 


Average .. | 1,57 


B. Kittens taken for the experiment at the end 
of the first day after birth (before the experi- 
ment were sucking the cat) 


Starved 5 hours 


Average 


Hence the blood content of the cerebral hemispheres in rabbits as also in kittens falls on the average by 
64% in the course of the first 24 hours after birth. 


It might be supposed that the fall in the blood content of the brain during the first few hours after birth is 
the result of the transfer of the animal to pulmonary respiration in atmospheric air, when the oxygen saturation 
of the blood of the newborn animal rises sharply by comparison with the blood of the fetus before birth [5, 6]. 
However it was shown by specially conducted experiments in which kittens, immediately after birth and not yet 
sucking the mother, were kept for a long time in a warm place (for up to 8 hours), but without the mother cat, 
that the breathing of atmospheric air alone still does not lead to a fall in the blood content of the brain. From 
Table 3,A it may be seen that the cerebral hemispheres of kittens 5-8 hours after birth and not yet sucking was 
1,23-1,93%, or on the average 1.57%, Individual variations and the average values of the blood content in this 
case are practically the same as those in kittens killed immediately after birth. As was shown above, the blood 
content of the cerebral hemispheres of kittens which began to suck the mother cat soon after birth fell consider- 
ably within 4-5 hours (on the average to 0,81%), Consequently the act of sucking is of essential importance in 
restoration of the normal cerebral circulation after birth, The view that prolonged starvation of newborn animals, 
not yet sucking, may lead secondarily to an increase in the blood content of the brain, is not upheld by special 
experiments. It was shown in these experiments that prolonged starvation (5-8 hours) of day-old kittens, which 
previously had been with the mother cat from the moment of birth, does not lead to an increase in the blood con- 
tent of the brain (see Table 3,B). 


The cerebral hemispheres of these kittens contained 0.77-0,96% of blood, or on the average 0.87%, i.e. 
practically the same as in normal kittens of the same age. 


Histological examination of the second cerebral hemisphere of the animals under study showed that the 
hemispheres of fetuses extracted from the uterus soon before birth contained little blood. In sections stained by 
Eros's method it could be seen that the cerebral cortex contains hardly any capillaries full of red cells, In some 
cases, when the plasma and the vessel walls were stained with acid fuchsin, it could be seen that the vessels con- 
tain very few or no red cells but much plasma. In the larger vessels, red cells were arranged in isolated groups, 
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separated by plasma, and not in a continuous mass, In the subcortical nuclei there were rather more capillaries 
filled with blood than in the cortex. In the white matter, in almost every case could be seen distended veins, 
desnsely packed with red cells, Here also could be found capillaries well filled with blood. The vessels of the 
pia mater were constricted and contained very little blood. 


In sections impregnated with silver, the majority of the capillaries were constricted and unequal in diame- 
ter. The tone of the vessel wall or capillary loops was low, This condition of the intracerebral vessels, and also 
the staining of the plasma, the vessel walls and the paraplastic substance with acid fuchsin demonstrates that the 
brain of the fetus shortly before birth is in an edematous state. 


We observed quite a different picture when we examined the network of vessels and capillaries of the cere- 
bral hemispheres in kittens immediately after birth. In all sections of the cerebral hemispheres of these kittens 
a severe hyperemia was apparent, The capillaries of the cortex, the white matter and the subcortical nuclei were 
well filled with blood. Red blood cells lay in a continuous mass in the arteries and veins, which under these con- 
ditions were grossly distended; distension of the veins was particularly marked, The vessels of the pia mater were 
also dilated and well filled with blood, In some cases the capillaries in many areas of the cerebral cortex con- 
tained little blood. However the vessels of the white matter, the subcortical nuclei, the pia mater and the larger 
veins of the cortex were wide and densely packed with red cells, 


Only a few hours after birth, the gross hyperemia was replaced by a state of edema. In the cortex and 
white matter of the cerebral hemispheres of newborn kittens which had survived for a few hours or a day, the cap- 
illaries were filled, mainly with plasma (which can be seen particularly clearly on examination of sections stain- 
ed by Masson's method), and contained few red cells, The general state of the network of vessels and capillaries 
of the cerebral hemispheres of such kittens was extremely like its state in fetuses before birth. Here also, with 
constriction of the majority of the cerebral vessels, dilated veins are observed in the white matter, and the net- 
work of vessels and capillaries in the subcortical nuclei is quite well filled with blood. As previous investigations 
showed, the cerebral vessels of the kittens remain in such a condition for a long period of time after birth [2], 


We obtained similar results from an analysis of the histological preparations from young rabbits immedi- 
ately after birth and up to 24 hours afterwards. 


On examination of serial sections, stained with acid fuchsin, from the brain of the kittens and young rabbits 
killed immediately after birth, recent small hemorrhages were often found. These were most often found in the 
ependyma of the lateral ventricles, but they could sometimes be seen in the cortex and the white matter, Usual- 
ly escape of red cells into the substance of the brain was not accompanied by rupture of the capillary wall. As 
a rule the more blood was contained in the cerebral vessels, the more pronounced was their dilatation and the 
more frequent was the occurrence of hemorrhages, However we could not always demonstrate such a relation- 
ship between the quantity of blood in the brain and the number of hemorrhages. Sometimes with a sharp increase 
in the blood content of the cerebral hemispheres, hemorrhages were solitary or completely absent; on the other 
hand, hemorrhages were numerous in cases of comparatively slight increase in the quantity of blood in the brain, 


Investigation of the vascular system of the brain in animals immediately after birth thus shows that labor 
has a marked influence on the cerebral circulation, The changes found in the vascular system of the brain dur- 
ing the progress of the fetus along the maternal passages in labor, both morphologically and by the quantity of 
blood present, are very similar to the changes in the brain during the artificial induction of asphyxia in newborn 
animals [3, 4], Consequently the conditions of oxygen lack which may arise to some degree in the fetus as it 
progresses along the maternal passages in labor lead to corresponding reactions in the vascular system of the brain. 
These reactions of the cerebral vessels, shown collectively as an increase in the quantity of blood present.there- 
in, die out within 24 hours after birth. The repeated acts of sucking, which the animals perform soon after birth, 
must be regarded as an essential factor in the restoration of the normal cerebral circulation, 


SUMMARY 


The author studied the effect of labor on the cerebral vascular system of certain animals (cats, rabbits). 
The hemoglobin content and the morphological state of the vasculocapillary network of cerebral hemispheres 
was studied on fetuses of cats shortly before birth, directly after birth, in a few hours, and 24 hours following 
birth (in cats and rabbits). It was demonstrated that while the jetus is passing through the birth canal the quantity 
of blood in the large cerebral hemispheres is increased by 44% (on the average) in comparison with that in the 
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fetuses before birth. In a few hours following birth the blood content in the hemispheres is decreased both in kit- 
tens and in rabbits by 88% and 64% respectively, The repeated act of sucking is of importance for the change of 
cerebral circulation after birth. The quantitative changes in the blood content of the cerebral hemispheres were 
confirmed by histological examination, The latter show certain peculiarities in the changes occurring in the 
vascular system of the brain under the effect of labor. 
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THE EFFECT OF CORTISONE ON THE BACTERICIDAL ACTIVITY OF 
THE SERUM OF INFECTED ANIMALS 
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From the Division of Chemotherapy (Head Dr, Med. Sci, A, M. Chernukh) of the 
Institute of Pharmacology and Chemotherapy (Director~ Active Member of the AMN SSSR 
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(Received June 13, 1958, Presented by Active Member of the AMN SSSR V, V, Zakusov) 


Cortisone depresses the defensive reactions in experimental animals and lowers their resistance to the ma- 
jority of infections which have been studied, Nevertheless favorable results have been obtained clinically from 
the combined application of cortisone and antibiotics in the treatment of various forms of tuberculosis and other 
infectious diseases [4, 6, 8, 11]. In individual cases in experimental conditions also the administration of corti- 
sone has increased the resistance to infection [1, 5, 11], By the combined use of cortisone, adrenocorticotropic 
hormone (ACTH) and butadione with tetracycline in mice infected with the pneumonia bacillus, we observed an 
increase in the therapeutic activity of tetracycline, These findings suggest that the action of cortisone on the 
process of infection and on the defensive reactions of the body is complex and depends on the state of the animal 
and on the conditions of application of the cortisone. 


In a previous communication [3], in agreement with the contemporary experiments of Oravec [8], it was 
shown that during the administration of cortisone to white mice and rats the bactericidal activity of the serum of 
these animals against Bacillus dysenteriae flexneri, strain 4833 W, was reduced; this was evidently due to a fall 
in the titer of properdine. The importance of these changes for the resistance of the animal was still not clear, 
however, for until now the action of bactericidal factors in the serum within the system of defensive reactions 
has not been adequately studied. 


In order to investigate this problem we carried out experiments on white mice and rats and compared the 
changes in the bactericidal activity of the serum and the inflammatory exudate in infected animals during ad- 
ministration of cortisone with the changes in resistance to the same infection. In order to permit a fuller com- 
parison to be made of the results with those obtained in previous experiments in which the effect of cortisone was 
studied on an infection caused by Bacillus pneumoniae, in the present work we also devoted particular attention 
to this infection, 


EXPERIMENTAL METHOD 


In the experiments we used white mice of the strain “Pure Czechoslovak Albino AK", weighing 14-16 g, 
and white rats weighing 100-110 and 150-170 g, The rats in different categories of weight were distributed 
equally among the groups in the experiments. No peculiarities were observed in the reactions of rats of differ- 
ent weight to the procedures carried out. 


Blood was taken from the rats from the caudal veins by means of an aspirating device or from the heart 
under anesthesia. In the first case investigations were carried out repeatedly on the same animals, and blood was 
taken twice before the start of the experiment. Blood was taken from the heart in the case of the mice, under 
anesthesia, in a volume of 0,6-0,.8 ml, and pooled by groups. For the production of-an inflammatory exudate the 
rats were injected in the right pleural cavity with 0.1 ml of turpentine. The exudate was collected when the 
chest was opened 5 hours after the injection, In all cases the pH of the exudates was 7.6 4 0,1. 
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Percentage of 
Dose of cortisone Number of animals sur- | 1 °tal duration 


mg/kg animals viving 4 days | of life in days 


1,3 
None given 15 93,3 116 


Confidence limit by Prigg’s method for the control group 


1,3 45 28,9 57 
None given 45 35,6 53 


Confidence limit by Prigg’s method for the control group 


TABLE 2 


The Effect of Cortisone on the Resistance of Rats to B, pneumoniae 


Percentage of 
Dose of cortisone Number of animals e Total duration 


mg/kg animals viving 4 days | of life in days 


20 
None given 


In order to determine the bactericidal activity, to 0,48 ml of serum or exudate was added 0,02 ml of a 
suspension of B, dysenteriae flexneri No, 4833 W or of B, pneumoniae in 0.85% NaCl solution, in a concentration 
of 4000-20 ,000 organisms per ml. The same volume of bacterial suspension was added to 0,48 ml of 0.85% NaCl 
solution, All the tubes were incubated for 2 hours at 37°C, and then 0.1 ml of fluid from each tube was used to 
inoculate 3 dishes with meat-peptone agar or Endo’s medium, After incubation for 20 hours, the colonies on each 
dish were counted, The bactericidal index was determined by dividing the number of colonies on the dishes in- 
oculated from the tubes containing this particular reagent by the number of colonies on the dishes inoculated from 
the control tubes. It was shown that after incubation for 2 hours of a suspension of B. pneumoniae in physiological 
saline there was no change in their number. 


Animals were infected with a 24-hour culture of B, pneumoniae on meat-peptone agar suspended in 0.85% 
NaCl solution: rats subcutaneously, and mice subcutaneously or intraperitioneally. In case of subcutaneous in- 
oculation, blood was taken for examination after 24 hours; in case of intraperitoneal inoculation 5 hours after- 
wards, 


EXPERIMENTAL RESULTS 


Re Changes in the resistance to infection under the influence of cortisone. As can be seen from Table 1, 


the resistance of the mice to B, pneumoniae shows a tendency to fall even after injection of small doses of corti- 
sone — 1.3 mg/kg. In contrast to this, in rats even 20 mg/kg of cortisone does not perceptibly lower the resistance 
(Table 2). The natural resistance of rats to this infection is many times higher than that of mice, On infection 
of mice with 400 organisms, for instance, all the animals died. In rats weighing 110-120 g, a similar result was 
observed only after inoculation with 20 million organisms, 


TABLE 1 
; The Effect of Cortisone on the Resistance of Mice to B, pneumoniae af 
20 15 60 83 o 
4 15 40 65 

30 43,3 124 

30 43,3 138 

sty, 

ate 


TABLE 3 


Changes in the Bactericidal Activity of Rat Serum Against B, pneumoniae 
After Administration of Cortisone 


Change. in the bactericidal index 
Bactericidal index after injection of cortisone 


cortisone 20 m 20 mg/k 
on two oc ons | on three 


Number of 
animals 


1,7259 —0,3854+4 0,33 | —1, 2882 0, 2627 


TABLE 4 2, Changes in the bactericidal activity of the 
serum against B, pneumoniae during administration 
of cortisone. The activity of the serum and inflam- 
matory exudate against B. dysenteriae falls sharply 
after treatment on two occasions with zymosan and 
Number of Dose of cortisone, | Bactericidal 
animals mg/kg with the known properties of the properdine system 
[9], and it may be considered that the bactericidal 
activity of the serum and exudate against B, dysen- 
None given + teriae is due primarily to properdine. The activity 
15; once 3 of the serum and exudate against B. pneumoniae 
16; twice after adsorption with zymosan is either unchanged 
or reduced only slightly. This strongly suggests that 
the activity of the serum and exudate against this 
microorganism is due to a factor, different in nature 
from properdine. In support of this view also there 
are the following findings: the difference between the bactericidal activity of the serum of rats and mice against 
B, dysenteriae is very large, but the activity of these sera against B. pneumoniae is reasonably close (compare 
Tables 5 and 8), Neither is there any regular relationship between the activity of the sera of the different animals 
against the microorganisms named. 


The Effect of Cortisone on the Bactericidal Activity 
of Mouse Serum Against B, pneumoniae 


The factor from serum and exudate which are active against B, pneumoniae is inactivated by heating to 
56°C for 1 hour, Attempts to adsorb it on bentonite and animal charcoal were unsuccessful. 


It was pointed out earlier that the activity of the mouse serum against B, dysenteriae falls after injection 
of cortisone [2]. The bactericidal activity of the serum of these animals against B, pneumoniae also falls as a 
result of administration of cortisone (Tables 3 and 4) but more slowly, and after injection of larger doses of the 
drug. Evidently this factor is more resistant to the action of cortisone than is properdine. 


3. Changes in the bactericidal activity of the serum and exudate in case of infection with B, pneumoniae, 
On infection of rats and mice with B, pneumoniae the bactericidal activity of the serum and exudate against this 
microorganism fell. This fall was seen more clearly during infection with a culture of higher virulence (Table 5) 
than in the experiment with a culture the virulence of which had been considerably reduced by prolonged sub- 
culture through nutrient media without passage through animals (Table 6). 


In rats,which before inoculation were given injections of cortisone, the fall in the bactericidal activity of 
the serum and exudate after inoculation took place to a lesser degree (see Tables 5 and 7) or instead of a fall in 
the bactericidal activity it was observed to rise (see Table 6). Thus cortisone has a different effect in infected 
animals from that in noninfected animals, and it permits the bactericidal activity of the serum and of the inflam- 
matory exudate to be maintained at a higher level. 


In experiments on mice (Table 8) the degree of lowering of the bactericidal activity of the serum of in- 
fected animals and the effect of cortisone on this process depended on the dose of culture inoculated. During the 
trial of a virulent culture at this period it was noticed that all the animals inoculated subcutaneously with 20,000 
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TABLE 5 


Changes in the Bactericidal Activity of Rat Serum After Infection and Administration of 
Cortisone 


Number Significance 
Experimental conditions of Bactericidal of 
animals index variation, p 


| Noninfected rats 39 1,955-40,28 } 0. co0t 
2 Infected rats ll 9, 7061 4-0, 1034 


3 | Rats infected after injection of 0,0891 > 
| 20 mg/kg of cortisone ll 1 ,232+0,2927 } 0,072 


TABLE 6 


Changes in the Bactericidal Activity of Rat Serum After Infection and Administration of 
Cortisone (Attenuated Culture) 


Number |B icidal Change in the Significance of 
umber | Bactericidal) bactericidal variation 
Dose of cortisone, 
— of index in | index after | 
t 


mg/kg animals | infection | infection » 


20 15 -+0,9224 0,355 
None given 14 } 2,66 0,0093 > 0,0069 


TABLE 7 


Changes in the Bactericidal Activity of Inflammatory Exudates in Rats After Infection and 
Administration of Cortisone 


Significance of variation P 
Bactericidal 


index ist group in | 3rd group in 
relation to 3rd jrelation to 4th 


Noninfected rats 19 /|1,655+0,3937 
Noninfected rats after ag: 

ministration of 20 mg/kg 

of cortisone 15 |1,101+0,1503 
Infected rats 9 |0,832+.0,1556 
Rats infected after adminis- 

tration of 20 mg/kg of 

cortisone 8 | 1,216+0,095 0,053 >0,044 


Group} Experimental conditions 


| 0,05743 > 0,0455 


organisms or more died within the first 72 hours after infection, but only those mice inoculated with not less than 
10 million organisms died within the first 24 hours, Animals which, in accordance with these findings, were in- 
jected with more than 1 C L D* of culture, showed a considerable lowering of bactericidal activity of the serum, 
and cortisone intensified this process. In these mice bacteriemia was observed. After inoculation with nonlethal 
doses of culture, injection of cortisone led to maintenance of the bactericidal activity of the serum at a higher 
level, 


* Critical Lethal Dose ~ a dose not lethal to all the mice in a given period of time. — Translator. 
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TABLE 8 


Changes in the Bactericidal Activity of Serum in Mice After Infection and Administration 
of Cortisone 


No. of Number 3 Dose 
of organisms Method of inoculation |of cortisone, 


inoculated mg/kg 


Bactericidal 
index 


animals 


Intraperitoneally 


10 100 » 15 0,505 
10 1 000 Subcutaneously 0,237 
10 1 000 » 15 0,268 


At the same time the changes in the bactericidal activity of the serum are evidently not the deciding fac- 
tor among the group of changes brought about in the defensive systems of the body by administration of cortisone, 
Otherwise the higher level of bactericidal activity of the serum in rats infected after administration of cortisone 
would be accompanied also by a higher level of resistance, which however was not found to be the case, 


Summing up the results of the investigation it may be stated that after inoculation of white rats and mice 
with a culture of B, pneumoniae, the bactericidal activity of the serum and the inflammatory exudate against this 
species of microorganism is lowered. The bactericidal activity of the serum of rats and mice is also lowered aft- 
er administration of cortisone, However, in case of preliminary administration of cortisone to the inoculated an- 
imals the bactericidal activity of the serum and exudate remains at the higher level or even rises. The bacteri- 
cidal activity of the serum is not of decisive importance in the mechanism of lowering of the resistance of mice 
to B, pneumonia after administration of cortisone. 


SUMMARY 


Serum bacterial activity and that of the inflammatory exudate is decreased to B, pneumoniae in infection 
of white rats and mice with this culture, Bactericidal activity of rats and mice’s serum is also reduced after the 
administration of cortisone, However, in case of preliminary cortisone administration to infected animals the 

bactericidal activity of the serum and of the exudate remains high or even rises. The change of the serum bac~ ° 
tericidal activity is not of decisive significance in the mechanism of decreased resistance of mice to B, pneumo-~ 
niae under the effect of cortisone. 
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BIOCHEMISTRY AND BIOPHYSICS 


A STUDY OF PROTEIN SYNTHESIS IN DAMAGED MITOCHONDRIA 


A. M. Zubovskaya and V. S. Tongur 


From the Institute of Experimental Biology (Director — Prof. L. N, Maiskii) of the 
AMN SSSR, Moscow 


(Received June 10, 1958, Presented by Active Member of the AMN SSSR N, N, Zhukov~Verezhnikov) 


We showed in a previous paper [1] that biosynthesis of protein takes place in the mitochondria,® isolated 
and damaged by lysis in water, from rat liver cells, and we also studied the effect of certain enzyme poisons 
(dinitrophenol and sodium fluoride) on this process. 


In the present communication we give a further account of protein biosynthesis in the damaged mitochon~- 
dria. 


Isolation of the mitochondria, the mode of inflicting damage and the method of conduction of the experi- 
ments on protein biosynthesis were described by us before [1]. 


TABLE 1 TABLE 2 
3 The Effect of Cofactor ObtainedFrom Damaged Mito- The Effect of Cofactor Obtained From Damaged 
. chondria on Protein Synthesis in Intact Mitochondria Mitochondria on Protein Synthesis in the Same 
. Increase in the content of protein (in mg) obtained by Increase in the content of protein (in mg) obtained 
3 addition of cofactor from by addition of cofactor from 


intact mitochondria damaged mitochondria intact mitochondria damaged nitochondria 


+ 0,26 + 0,13 + 0.18 0 
4 + 0,17 + 0.26 + 0,20 + 0.07 
+ 0.14 + 0,14 + 0,18 0 
+ 0.20 + 0,20 + 0.16 — 0.20 
+ 0.26 + 0,06 


EXPERIMENTAL METHOD AND RESULTS 


It is known that the process of biosynthesis of protein requires a cofactor, which is elaborated by mito- 
4 chondria during incubation [7, 3]. This factor evidently provides the necessary energy for synthesis. 


* The cell fraction investigated in both the previous [1] and the present research actually consisted of a mixture 
of lightly staining large granules and of mitochondria themselves, and for convenience we will refer to this 
fraction conventionally as mitochondria. 
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TABLE 3 We have shown [1] that the structural integ- 
rity of the mitochondria is not essential for pro- 
tein synthesis, but at the same time it is still not 
known to what extent it is necessary for produc- 
tion of cofactor by the mitochondria. Experi- 
ments were accordingly carried out to provide in- 
System of residues treated with formation on this problem, 


damaged 
as In these experiments, cofactor, obtained 


by suitable incubation of mitochondria destroyed 

by lysis in water [7, 3] was added to both intact : 
and damaged mitochondria, As a control we used se. 
cofactor obtained by incubation of intact mito- 
chondria under the same conditions, The results 

are shown in Tables 1 and 2. 


The Effect of Treatment with Potassium Chloride Solu- 
tions on Protein Synthesis by Damaged Mitochondria 


Increase in protein (in m 


As may be seen from Table 1, synthesis of protein in intact mitochondria takes an identical course after 
addition of cofactor from both intact and damaged mitochondria. 


TABLE 4 
The Effect of Ribonuclease on Protein Synthesis in Intact Mitochondria 


Without ribonuclease — | In the presence of ribonuclease 


in mg 


+ 0,21 + 12,7 
+ 0.13 +11,2 
+ 0,24 + 8,7 
+ 0.15 + 8.1 
+ 0.07 + 2.9 


TABLE 5 
The Effect of Ribonuclease on Protein Synthesis in Damaged Mitochondria 


Without ribonuclease | In the presence of ribonuclease 


Increase of protein 


as a % of the original as a % of the original 


A different picture is seen in the synthesis of protein in the damaged mitochondria. It follows from Table 


2 that protein synthesis takes place after addition of cofactor from intact mitochondria, whereas on addition of 5 
cofactor from damaged mitochondria no increase in the protein content is observed. The question arises: why oe 


+ 0,08 0 0 

4 + 0.27 0 0 4 
Increase of protein 
bee P| as a % of the original in mg as a % of the original te 
4 0 0 
— 0,08 - 3.3 
4 
4 
4 
4 
+ 0.15 + 9.0 — 0,02 1.2 
+ 0,41 + 25.0 + 0,02 + 1.2 
a + 0,36 + 20.0 + 0,18 + 10,0 ; 
+ 0.15 + 61 + 0.06 + 2.4 

* 


Membranes of destroyed mitochondria, treated with solutions of potassium chloride (0.4 p). 
Magnification x 27,000. 


after the addition of cofactor from damaged mitochondria does protein synthesis take place in the intact gran~ 


ules but not in the damaged ones? Is not cofactor produced by intact mitochondria spontaneously during incu~ 
bation? For the elucidation of this problem special experiments were carried out in which instead of ready-made 
cofactor, we added to intact and to damaged mitochondria adenosinetriphosphate, succinic acid, glucose and 
cytochrome C, i.e, all the essential compounds for the production of active cofactor during incubation of in- 
tact mitochondria [7, 3]. 


It was found that in this case intact mitochondria are able to synthesize protein, but no protein synthesis is 
observed in the damaged mitochondria, i.e, it appears that the above assumption which we made is correct. 


Ribonucleic acid is known to be of essential importance in the biosynthesis of protein [9, 6]. This was 
shown to be so for various protein-synthesizing objects. 


In order to examine the role of ribonucleic acid in the synthesis of protein by isolated mitochondria, ex- 
periments were performed in which ribonucleic acid was removed from the system by extraction with saline. 
For this purpose a suspension of mitochondria, lysed in water, was centrifuged at 7600 g during cooling. One part 
of the residue was then extracted three times with 0.14 M potassium chloride solution and the remaining part with 
0.4 M potassium chloride. At the conclusion of the last centrifugation the residue was suspended in the medium 
used in the experiment and its protein-synthesizing power was investigated, As a control we used a complete 
system of damaged granules, 


The results of the experiments are shown in Table 3, 
As we can see, under these experimental conditions protein synthesis ceased completely. 


Examination of the residue,* obtained as described above, with the electron microscope showed that it is 
composed of membranes from mitochondria, largely free from contents (see Figure). In these experiments it is 


* The electron-microscopic study was carried out in the electron microscopy room of the Institute of Experimen- 
tal Biology by Scientific Assistants A, P, Pekhov and V. N, Reingol'd, to whom we express our deep gratitude. 
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evident that the action of the salt removed part of the proteins as well as the ribonucleic acid, and so it is hardly 
possible to ascribe the disappearance of the protein-synthesizing power exclusively to the removal of ribonucleic 
acid. 


Experiments were then carried out in which ribonucleic acid was removed from the system by means of 
ribonuclease, For this purpose, before the beginning of incubation, 20 yg of crystalline ribonuclease was added 
to part of the experimental samples in addition to all the other components necessary for protein synthesis, As 
controls we used samples to which no ribonuclease was added. 


The results obtained are shown in Tables 4 and 5, 


As may be seen from these tables, decomposition of ribonucleic acid by ribonuclease leads to suppression 
of the process of protein synthesis in both intact and damaged mitochondria, Evidently the mitochondrial mem- 
branes do not hinder the action of ribonuclease. 


Experiments on the production of cofactor from damaged mitochondria showed that the integrity of the 
mitochondria is a necessary condition for its production by these structures, Hence in order that the damaged 
mitochondria should be capable of protein synthesis in vitro, cofactor is necessary, which is produced by intact 
mitochondria, It must be assumed that during destruction of mitochondria there is disturbance of oxidative phos- 
phorylation processes which are essential for the production of cofactor. At the same time, isolated and intact 
mitochondria have the power to synthesize proteins without the addition of ready-made cofactor, which is ela- 
borated by them spontaneously in the process of protein synthesis. 


Reports have recently appeared [5, 8, 4] that despite damage to the structure of mitochondria, the oxida- 
tive phosphorylation processes within them are preserved, but nevertheless it must be remembered that an essen- 
tial factor here is the method of damaging the mitochondria. In the papers cited [4, 5, 8] this was done by means 
of digitonin and not by lysis in distilled water as was done in our own investigation. 


As the investigation with the electron microscope showed, the residue from the suspension of mitochondria, 
damaged by treatment with saline, consists mainly of mitochondrial membranes, and moreover this preparation 
does not synthesize proteins. The reasons why the protein-synthesizing power of these preparations is disturbed 
are not yet known. On the one hand we can hardly ascribe to the membrane the power to synthesize protein, 
since it presumably does not contain ribonucleic acid [2]; on the other hand, the treatment carried out largely 
removes from the preparation not only the contents of the mitochondria but also, besides ribonucleic acid, cer- 
tain saline-soluble proteins and extractives, so that the membranes obtained in this experiment and used in the 
experiments on biosynthesis of proteins differ considerably in their composition and possibly also in their struc- 
ture from natural membranes. 


The experiments with crystalline ribonuclease show that ribonucleic acid plays a direct part in protein 
synthesis by both intact and damaged mitochondria. 


SUMMARY 


Experiments were performed with mitochondrias lyzed in distilled water. It was demonstrated that mito- 
chondrias have to be intact for formation of the cofactor required for the protein biosynthesis in vitro. Isolated 
intact mitochondrias are able to synthesize protein without any addition of a previously obtained cofactor. 


Destructed mitochondrias as are able to synthesize protein only with the addition of a cofactor obtained 
from intact mitochondrias. Treatment with crystalline ribonuclease results in the inhibition of the protein syn- 
thesis both by intact and destructed mitochondrias, 
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INVESTIGATION OF TRANSAMINATION REACTIONS IN THE BRAIN OF 
RATS INOCULATED WITH FIXED RABIES VIRUS 


G. A. Galegov and M, I, Parfanovich 


From the Laboratory of Biochemistry of Viruses (Head — Prof. V. 1, Tovarnitskil) 
and the Laboratory of the Pathogenesis and Pathomorphology of Virus Infections 
(Head ~ Prof. R. M, Shen) of the D, L. Ivanovskii Institute of Virology (Director — 
Prof. P, N. Kosyakov) of the AMN SSSR, Moscow 


(Received November 8, 1957, Presented by Active Member of the AMN SSSR 
V. N, Chernigovskit) 


Enzymic transamination reactions, discovered and studied in A, E, Braunshtein’s laboratory, and occupying 
a crucial! position in nitrogen metabolism, have been estensively studied in various pathological conditions of 
man and animals, Nevertheless aminoacid metabolism, and in the first place transamination reactions, in virus 
infections have so far received little attention, Such investigations would be of fundamental importance in view 
of the special features of viruses, the proliferation of which in living cells is regarded as a variant of synthesis 
of proteins and nucleic acids, 


In the field of virology research has been done, to our knowledge, into the activity of transamination en- 
zymes in the liver and in the serum of mice infected with virus hepatitis, Under these circumstances a fall was 
observed in the activity of the aminopherases in the liver tissue and a rise in their activity in the serum, This 
latter effect was also clearly shown by human serum, where it served as the basis of a diagnostic test for virus 
hepatitis (Botkin’s disease) [4]. 


The aim of the present investigation was to ascertain the possibility of influencing the processes of trans- 
amination in the brain tissue of rats by means of fixed rabies virus. 


EXPERIMENTAL METHOD 


Experiments were carried out on white rats weighing 130-150 g. The vaccine strain used in the work was 
from the Moscow Pasteur station, The experimental animals were infected by intracerebral inoculation with 
0.05 ml of a 10% suspension of infected brain, prepared in broth, Control animals were infected with the same 
suspension prepared from the brain of healthy animals, Usually at the end of the 5th day the experimental ani- 
mal was in a state of agony, when it was killed and its brain removed for biochemical examination, At the same 
time the brain was taken from healthy animals to act as a control. For the investigation the cerebral hemispheres 
were used, 


The brain was homogenized in the cold for 3 minutes. Each experimental sample contained 200 mg of 
brain homogenate and phosphate buffer at pH = 7.2, The first sample consisted purely of homogenate and 1 ml 
of phosphate buffer. To the second sample was added 10 y M of L=glutaminic acid or L-alanine, depending on 
the reaction xo be tested. To the third sample was added a previously neutralized solution of a-ketoglutaric or 
oxalacetic acid in a concentration of 20 yM. The fourth sample contained solutions of amino acids and keto- 
acids in the above concentrations, The final volume of each sample was 1 ml, The oxalacetic acid was synthe- 
sized by the method of Krampitz and Werkman [5], and the a-ketoglutaric acid by the method of Friedmann and 
Kozauer [3]. 
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TABLE 1 


Activity of Glutamicoasparaginic Aminopherase in Prain Homogenates of Rats. 
Formation of Asparaginic Acid in uM/g Dry Weight of Tissue 


Suppression | Suppression 


Experiment No. of synthesis,| of synthesis 
animals animals uM in % 


79,04 64,61 
70,15 59,64 
66,69 55, 66 
69,15 61,28 
75,09 63,12 
72,12 65,21 
71,14 58,65 


Mean results | 71,92 | 61,16 | 


TABLE 2 


Activity of Glutamicoalanine Aminopherase in Brain Homogenates of Rats, For- 
mation of Glutaminic Acid in uyM/g Dry Weight of Tissue 


Suppression} Suppression 
Control eer of synthesis,| of synthesis 


animals animals 
uM in % 


36,78 
42,74 
42,24 
39, 26 
40,75 
44,73 


Mean results 41,68 


A parallel series of control experiments was set up, using brain homogenate from healthy animals, Sam- 
ples were incubated for 2 hours at 37°C, The reaction was stopped by the addition of 0.1 ml of 20% trichloro- 
acetic acid and subsequent boiling of the samples for 3 minutes. Proteins were removed by centrifugation, The 
supernatant fluid was subjected to analysis, The transamination reactions were investigated by the method of 
paper chromatographic analysis of the aminoacids. The biosynthesis of asparaginic acid from L~glutaminic and 
oxalacetic acids and of glutaminic acid from L-alanine and a-ketoglutaric acid were investigated, The amino- 
acids were estimated quantitatively by Bode’s method, using a Spekker absorptiometer. 


EXPERIMENTAL RESULTS 


Results of the examinations are shown in Tables 1 and 2, and are expressed as M/g of dry tissue, 


As may be seen from Table 1, a fall in the biosynthesis of asparaginic acid was observed in brain homo~ 
genates of the rats infected with fixed rabies virus, This can also be seen in the chromatogram (Fig. 1), where 
the asparaginic acid stain in test No. 9 is more intense than in test No, 5. 


As may be seen from Table 2, the biosynthesis of glutaminic acid took place 21.8% more slowly in the 
brain homogenates of the infected animals than in those of healthy animals, This difference is expressed here 


= 
14,43 18,3 
oid 2 10,51 15,0 
a 3 11,03 16,5 ‘ 
4 7,87 11,3 
5 11,97 16,0 
6 6,91 10,0 
7 12,49 17,7 
_ 1 45,94 9,16 20,0 
4 2 56 , 32 13,58 24,1 
ca 3 54,34 12,1 22,3 
4 4 52,86 13,6 25,6 
“2 5 50,35 10,6 19,1 ; 
6 57,8 13,07 20,0 : 
12,0 21,8 
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Fig. 1. Formation of asparaginic acid in brain homogenates of rats infected with fixed rabies 
virus (tests 5, 6, 7, 8) and in the brain of normal animals (tests 9, 10, 11, 12). Substrates for 
the tests: 5 and 9 — L-glutaminic and oxalacetic acids; 6 and 10 — oxalacetic acid; 7 and 

11 — L-glutaminic acid; 8 and 12 — phosphate buffer. The numbers 1, 2, 3, 4 denote witnesses; 
y aminobutyric acid, alanine, glutaminic acid and asparaginic acid respectively. 


Fig. 2, Formation of glutaminic acid in brain homogenates of rats infected 
with fixed rabies virus (tests 5, 6, 7, 8) and in the brain of normal animals 
(tests 1, 2, 3, 4). Substrates for the tests: 1 and 5 — phosphate buffer; 2 and 
6 ~ alanine; 3 and 7 — a-ketoglutaric acid; 4 and 8 ~ alanine and a-ketoglu- 
taric acid. The numbers 9, 10, 11, 12 denote witnesses; glutaminic acid, as- 
paraginic acid, alanine and y -aminobutyric acid respectively. 
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A state of excitation was induced in the animals by the use of drugs: metamphetamine and caffeine sodium 
benzoate. Metamphetamine was injected subcutaneously in a dose of 1.5 mg/kg body weight of the animal, and 
caffeine in a dose of 50 mg/kg body weight. 


A state of inhibition was produced by means of ether anesthesia, luminal, sodium amytal and pentothal, 
Luminal was given to the animals in a dose of 0,1 g/kg body weight. Sodium amytal was injected intravenously 
to a greaier degree that during investigation of the activity of glutamicoasparaginic aminopherase, It should be 
pointed out that investigation of the activity of glutamicoalanine aminopherase with L-glutaminic acid and py- 
ruvate also shows a fall in the formation of alanine from these substrates in brain homogenates of the experiment- 
al animals, The chromatogram shown (Fig. 2) illustrates the eee | of the synthesis of glutaminic acid in 
the infected brain (compare tests Nos, 4 and 8). 


In control experiments the intracerebral injection of 0,05 ml of a 10% suspension of normal brain did not 
affect the aminopherase activity of the brain. 


We were unable to detect any fall in the aminopherase activity at earlier stages of the disease. The ex- 
perimental results obtained do not solve the problem of the cause of the fall in activity of the two most active 
aminopherases in the brain of rats infected with fixed rabies virus: does this take place at the expense of direct 
suppression of synthesis of apoenzyme by the proliferating virus, on account of changes in the level of protein 
synthesis in the brain infected with the virus, or as the result of pathological processes developing in the body 
during this infection? The influence of the virus on the aminopherase activity may be revealed only by its pro- 
liferation in a culture of isolated cells on synthetic media, 


In this connection we may at present only state that in white rats infected with fixed rabies virus there is 
a fall in the activity of the transamination enzymes: in the case of glutamicoalanine aminopherase by 21.8%, 
and of glutaminicoasparaginic aminopherase by 15%, 


SUMMARY 


Homogenates of rat's brain affected with fixated rabies virus were examined, A decreased concentration 
of the 2 most active aminopherases was revealed: of glutamicoasparginic by 15% of glutamicoalaninic by 
21.8% (in comparison with their quantities in the brain homogenates of healthy animals), 
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THE FATE OF TRACE ELEMENTS IN THE BRAIN, MUSCLES AND LIVER, AS 
SHOWN BY THE RESULTS OF SINUSOSTOMY AND ANGIOSTOMY DURING 
STIMULATION AND INHIBITION OF THE CENTRAL NERVOUS SYSTEM 


V. R. Soroka 


From the Department of Biochemistry (Head — Prof, A. O, Voinar) 
of the Stalino A. M. Gor’kii Medical Institute 


(Received October 16, 1958. Presented by Active Member of the AMN SSSR S, E, Severin) 


There are few reports in the literature on the metabolism of trace elements in the brain in various func- 
tional states of the central nervous system. 

G. A, Babenko [1] observed a decrease in the content of copper and manganese in the brain of guinea pigs 
in a state of sleep induced by narcotic drugs, in camphor convulsions or in unconditioned and conditioned reflex 
excitation, 

According to A, O. Voinar's findings [3], during excitation caused by metamphetamine and caffeine there 


is a fall in the content of manganese, silicon, aluminum, titanium and copper in the grey matter of the cerebral 
cortex and in isolated nuclei of nerve cells in the brain of dogs, A fall in the content of copper in the brain of 


rabbits during excitation by caffeine was observed by I. G, Priev [6], and of manganese — by R, V. Zharova [4]. 
The authors cited [1, 3, 6] account for the fall in the copper content of the brain during excitation by the fact 
that copper passes from the brain into the blood stream, 


Narcotic and hypnotic drugs cause complex changes in the distribution of trace elements between the nu- 
clei and cytoplasm of nerve cells, depending on the nature of the action of the drugs, their dose and the depth of 


sleep induced [3]. 


A, P, Kukhtina [5] showed that under the influence of bromides the content of copper, both ionized and in 
the form of organic complexes, in the brain of rats of all ages is increased. 


R. V. Zharova observed an increase in the content of manganese in the brain tissue of rabbits under the in- 
fluence of sodium bromide; an increase in the copper under the same conditions was observed by L G, Priev, who 
suggested that copper enters into the composition of certain compounds of a protein nature which are synthesized 
during inhibition and intensively decomposed during excitation of the nervous system. 


The aim of the present investigation is to study the metabolism of certain trace elements in the brain in 
chronic experiments on dogs after the operation of exposure of the longitudinal venous sinus, as shown by the re- 
sults of analysis of the blood entering and leaving the brain and of the cerebrospinal fluid, taking into considera- 
tion the rate of the blood-flow in the brain during excitation and inhibition of the central nervous system. 


EXPERIMENTAL METHOD 


Experiments were carried out on 30 dogs. The longitudinal venous sinus of the dogs was exposed by E, S. 
London's method. The experiment was performed 6-7 days later, when the wound had healed and the tenderness 
at the site of operation had greatly diminished. 
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Fig. 1. Copper content of the blood enter- Fig. 2, Copper content of the blood enter- 


ing (1) and leaving (2) the brain and of the ing (1) and leaving (2) the brain and of the 
‘ cerebrospinal fluid under normal conditions cerebrospinal fluid under normal conditions 
“a (3) and during excitation due to caffeine (4) (3) and during ether anesthesia (4) (calculated 


(calculated as a percentage of the sol). as a percentage of the sol). 


in a dose of 50 mg/kg body weight of the animal, and pentothal intravenously in a dose of 4-10 ml of a 5% solu-~ 
tion and subcutaneously at the same time in a dose of 3-7 ml. 


Blood for examination was taken by means of a syringe simultaneously from the femoral artery and the 
longitudinal venous sinus, both under normal conditions and every 15 minutes during a period of 2 hours in nar- 
cotic sleep or in a state of excitation of the animal. 


Cerebrospinal fluid was obtained in a volume of 4 ml by suboccipital puncture of the cisterna magna, 


For quantitative estimation of the content of trace elements in the blood and cerebrospinal fluid, the blood 
was dried in a drying cupboard at a temperature of 80°C, and the cerebrospinal fluid was evaporated to dryness in 
platinum dishes. 


The dry samples of blood and cerebrospinal fluid were converted into sols in a platinum vessel in a muffle 
furnace at a temperature not exceeding 400°C and the sols were subjected to quantitative spectrochemical analy- 
sis on an ISP-22 quartz spectrograph. 


The content of trace elements (manganese, silicon, aluminum, titanium and copper) in the spectrograms 
obtained was estimated quantitatively by means of a MF-2 microphotometer by comparison of the density of 
blackening of the spectral lines of the elements tested in the spectrograms of the test samples and standards. In 
the quantitative photometry of the lines of the trace elements named, we employed these wavelengths: manga~ 
nese ~ 2801.1 A, silicon — 2881.6 A, aluminum — 3082.2 A, titanium — 3236.6 A, and copper 3274,0 A, 


The rate of the blood flow in the brain was determined by means of radioactive phosphorus Na,HP*0, 
which was injected into the carotid artery included in the skin flap. The moment of appearance of the radio- 
active phosphorus in the longitudinal venous sinus gave the time for the blood to pass through the brain. 


EXPERIMENTAL RESULTS 


The general character of the changes in the content of copper in the blood entering and leaving the brain 
and in the cerebrospinal fluid during excitation induced by caffeine is shown in Fig, 1. 


As may be seen from the curves illustrating the changes in the copper content of the arterial blood and the 
blood in the longitudinal sinus, they are of an ascending character, showing an increase in the content of this 
particular trace element in the blood both entering and leaving the brain, with a decrease in the arteriovenous 
difference. 


It also follows from Fig. 1 that during excitation due to caffeine an increase is also observed in the content 
of copper in the cerebrospinal fluid. Evidently during excitation excretion of copper by the brain takes place not 
only into the outflowing blood but also into the cerebrospinal fluid. 


A similar relationship was observed by us also in respect of manganese, silicon, aluminum and titanium, 


ar 
4 
4 
( 
‘y 
be 
4 
197 
| 


80200 0961‘ 0001 ‘0 21000 
$2000 10S0 ‘0 0S61 ‘0 21600 ‘0 0120°9 6£00°0 
0S00 9 ¥400‘0 £2100 10S0‘0 8020‘0 26920 e100 
1¥10'0 1800°O 2080 ‘0 ‘0 0991 ‘0 ‘0 
0 8£00 ‘0 9910°O 0991 ‘0 1090 ‘0 0001 ‘0 6800 ‘0 
0 $1200 69000 10S0°0 ‘oO 2021 ‘0 0281 ‘0 1S10‘0 
+200‘0 18000 2690 ‘0 69200 80200 02100 
0610 ‘0 6S20‘0 2981 ‘0 0001 ‘O 2200 ‘0 


bL10'0 ¢zS0‘0 6210°0 ZE80 ‘0 10S0‘0 Z0Z1 ‘0 Z£00 02 
solnutu 


UT UOTIPIIOXY 


¥Z00°0 09000 0010°0 6210°0 10S0°0 8700°0 


PooTq PooTq PpooTq PpooTq PooTq pooTq PpooTq 
[ewewwedxg 


raddop y UODTTIS asoursury 


(Tos Jo Se) 
01 puke suCPIPUCD UT s8oq jo uTeIg oy pue poolg UT PORT JO 


T 


a 
: 
is 
| 
4 
a ss 68 8 
A A > A A A 
a 
; 
x 
a 
4 198 


z100'0 | 2200 8820 '0 8691 6020'0 | 
12000 Z110°0 2£00 ‘0 60€0 6210‘0 ¢s00°0 ‘0 
0€00°0 8210°0 12€0°0 ‘0 $600 “0 8000 ‘0 06 
2200‘0 82100 9€00 €920°0 $6100 OL0b‘O 6000 ‘0 


09000 v1Z0°O 6200 L¥01°0 13800°0 0100°0 09 


€0)' 0 0110‘0 8100‘0 $300‘0 280 0220‘0 001 ‘0 8000 ‘0 S@INUTW ST 


$800°0 2010°0 0 0640 ‘0 0021 ‘0 ¥Z00'0 TPULION 


poorq poorq poorq pootq poorq poorq poorq poorq poorq 


UODTTIS 


Aq poonpuy puke suopIpuo> ut s80q jo uTelg pue poojg UT Jo 


3 
8 
« 4 
= 
§ 
— 
at 
ia 
= 
ger 
te 
199 
2 


8020°0 raddop 
9S00 ‘0 $6200 
‘0 1680°0 
94000 UOSTTIS 
0200°0 2100°0 asoursueyy 


| | | | 


060 91€0°0 UINIUPILL 
68e0 ‘0 y 
uOdTTIS 
*S00°0 asouresury 


| 


OZT SSINUTU | SOIMUTUI | cp | OF | CT [PULION 


(TOS Jo % se) 01 ONp UOTIeITOXy BuTIN pur TEULION UT om poolg UT Jo 


€ 


| 
rt 
NIN t- 
OM 
ooco 
no 2 
tag 
| 
| 
> “a4 om 
— 
a 
‘ 
173) 
4 
- 
4 200 : 
a 


The increased content of the trace elements studied in the blood both entering and leaving the brain, with 
the decreased arteriovenous difference demonstrate the excretion of the trace elements by the brain during excti- 
tation. 


The rate of the blood flow through the brain in the experiments with administration of caffeine was quicken- 
ed from a normal 8-9 seconds to 6-7 seconds at the time of excitation, 


In the state of excitation by metamphetamine an increase was also observed in the content of the trace ele- 
ments studied, in the blood both entering and leaving the brain (Table 1). 


The curves of the changes in the content of manganese, silicon, aluminum, titanium and copper in the ar- 
terial blood and in the blood from the sinus during excitation by metamphetamine are also of an ascending char- 
acter, with periodic alternation of retention and excretion of the elements by the brain, It must be pointed out 
that in the experiments with metamphetamine the periods of alternation, of retention,and excretion of the trace 
elements by the brain into the outflowing blood were more prolonged than in the experiments with caffeine. 


Evidently the trend of the changes in the content of the trace elements in the blood depends on the nature 
of the analeptic used. 


As may be seen from Fig. 2, ether anesthesia, which causes a state of profound inhibition of the central 
nervous system, leads to an obvious fall in the copper content of the blood leaving the brain and a rise in the con- 
tent in the blood entering. 


As a result a considerable increase is noted in the arteriovenous difference, which is evidence of increased 
retention of copper by the brain. 


The fall in the copper content of the cerebrospinal fluid at the time of ether anesthesia (Fig, 2) demon- 
strates that retention of this particular trace element takes place not only on account of a decrease in its elimina- 
tion in the outflowing blood but also its excretion in the cerebrospinal fluid. 


We observed a similar relationship in respect of manganese, silicon, aluminum and titanium, 


The rate of the blood flow through the brain during ether anesthesia is slowed to 10-11 seconds, 


The state of anesthesia due to luminal like that caused by ether, also causes an obvious fall in the content 
of the studied trace elements in the blood leaving the brain, with an increase in the content in the blood enter- 
ing (Table 2), 


The other hypnotic drugs which we used (sodium amytal, pentothal) cause a less marked change than do 
ether or luminal narcosis. 


During excitation of the central nervous system the content of trace elements in the blood entering the brain 
rises rapidly than in the blood in the sinus — leaving the brain, and during the action of ether and hypnotic drugs, 
with an obvious fall in the content of the studied trace elements in the blood from the sinus, their content in the 
arterial blood is also increased. 


Evidently the more intensive rise in the content of the trace elements in the arterial blood, by comparison 
with the blood from the sinus, during excitation, and their increased content in the arterial blood during inhibi- 
tion are connected with the fact that the content of trace elements in the arterial blood is an overall index of the 
biochemical dynamics of many organs. 


In this connection we decided to study the part.played by certain other organs — the muscles and liver — in 
the changes in the content of trace elements in the arterial blood. 


In experiments in which blood was repeatedly taken from the femoral artery and vein, and caffeine was 
administered as a drug causing excitation of the central nervous system, we observed a clear increase in the con~ 
tent of manganese, silicon, aluminum, titanium and copper in the blood both entering and leaving the muscles, 


During the frequent removal of blood from the femoral artery and vein of an animal under ether anesthesia 
we observed an obvious fall in the content of the studied trace elements in the blood leaving the muscles and an 
increase in their content in the blood entering them. 


It should be mentioned that a similar phenomenon was also found by G, A, Belykh [2]. 
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Our investigations, in agreement with the findings of this author, thus demonstrate that the muscles take 
part in the increase of the content of manganese, silicon, aluminum, titanium and copper in the arterial blood 
only during excitation of the central nervous system; during inhibition the muscles retain these trace elements 
from the blood. 


In a study of the content of trace elements in blood from the hepatic vein of dogs subjected to angiostomy 
by E, S, London's method, we showed that during excitation of the central nervous system with caffeine and dur- 
ing ether anesthesia the liver excretes manganese, silicon, aluminum, titanium and copper into the outflowing 
blood (Tables 3 and 4), which shows that the liver takes part in the increase of the content of these trace ele- 
ments in the arterial blood during both excitation of the central nervous system and ether anesthesia, 


The latter phenomenon is possibly due to a direct action of ether on the liver tissue [7]. 


SUMMARY 
Experiments were performed on sinuso- and angiostomized animals by E, S. London's method. 


It was established by the method of spectrochemical analysis that during the excitation of the central ner- 
vous system the content of manganese, silicone, aluminum, titanium and copper is increased in the inflowing 
and outflowing brain blood. There is a decrease in the difference of concentration in the arterial and venous 
blood and an increased content of these microelements in the cerebrospinal fluid. This shows that these elements 
are given of by the brain not only into the outflowing blood, but also into the cerebrospinal fluid, 


Inhibition of the central nervous system is connected with a distinct drop of manganese, silicone, aluminum, 
titanium and copper in the blood flowing from the brain and in the cerebrospinal fluid. At the same time the 
content of these microelements rises in the blood flowing to the brain and there is an increased difference in the 
concentration of these elements in the arterial and venous blood. This points to increased retention of the above 
mentioned microelements by the brain not only as a result of diminished release by the brain into the outflowing 
blood, but also into the cerebrospinal fluid. 


In studying the patticipation of other organs in increaseing the content of the above-mentioned microele- 
ments in the arterial blood it was demonstrated that during excitation the microelements are given off into the 
systemic circulation not only by the brain, but also by other organs (liver, muscles), Liver also releases micro- 
elements into the outflowing blood during ether anesthesia. 
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THE BLOOD CHEMISTRY OF THE LOWER MONKEYS 
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There is little information in the literature on the chemical statics and dynamics of the composition of the 
blood of the higher and lower monkeys, Nevertheless, if only from the point of view of comparative biochemistry, 
the importance of this information is difficult to overestimate. Much more attention has been paid to the mon- 
key in comparative physiology than in biochemistry. The comparative biochemical value of the incomplete and 
sparse information on the biochemistry of monkeys is lowered by the fact that only in rare cases have comparable 
findings been obtained from investigations carried out on man and monkeys simultaneously and by the use of the 
same methods. 


In this paper we give some findings from our laboratory on the content of various proteins and minerals in 
the blood of the lower monkeys and on their comparison with corresponding results of analysis of the blood of 
healthy human subjects, 


EXPERIMENTAL METHOD 


Investigations were carried out on lower monkeys ~ Macacus rhesus (9 males and 3 females, weighing from 
2,2 to 6.9 kg and aged from 2 to 4 years), Blood was taken from the auricular vein after preliminary fasting for 


16 hours, 


For the purpose of comparison, two analyses were made of the venous blood of a group of healthy men and 
women (10 persons), aged from 19 to 25 years, at the same time and using the same methods of investigation, 
In the blood of the monkeys and the human subjects we determined the proportions of the protein fractions of the 
serum by paper electrophoresis, the content of glycoproteins in the serum, the carbonic anhydrase activity in 
whole blood, the amylase, aldolase and alkaline phosphatase activity of the serum and the content of various 
minerals, 


EXPERIMENTAL RESULTS 


Table 1 gives some idea of the proportions of the protein fractions in the serum of man and monkeys, 


The results shown in Table 1 are in complete agreement with the findings of Deutsch and Goodloe [2] in 
monkeys, by means of the classical Tisellius method of electrophoresis. 


In considering the problem whether the pattern of the protein fractions of the blood of the monkeys exam~ 
ined shows any special features which might be regarded as pertaining to the species, it can only be mentioned 
that the percentage of « — and « — globulins in the serum of monkeys is significantly lower and that of the y- 
globulins is significantly higher than in human serum, 


According to Deutsch and Goodloe, the proportion of y globulins in the plasma of man and monkeys (Ma~ 
cacus rhesug isthe same, These workers found a qualitative difference between the plasma of man and monkeys, 
for in the latter an electrophoretic fraction is present coming in front of the albumins (the nature of this fraction 
was not established), and so also is a fraction of a-globulins, which is also found in the blood of the cat and guin- 
ea pig. From the findings of these workers the quantitative differences are less pronounced in character. 
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TABLE 1 


Content of Protein Fractions in the Serum of Healthy Human Subjects and Monkeys 


Protein content, % 
exami- 
&~glob-| B-glob- ~glob-~ 
nations |atbumin u uligs 


Object of the examination 


Man 10 
Monkey (Macacus rhesus) 12! 


* Blood was taken for analysis from 4 monkey twice, and from one monkey 3 times. The 
results of each analysis are shown here as a single investigation. 


TABLE 2 
Glycoprotein Content of the Serum of Healthy Human Subjects and Monkeys 
Limits of variation, m 
Object of the ex- corpbined 


amination nations pro~ wish j aci n the form of 
e 


tein exose 


Man 104—143 78—106 56—71 9—15 
Monkey (Macacus 
rhesus) 78.—109 63—102 73—101 14—31 


TABLE 3 
Enzyme Content of the Serum of Healthy Human Subjects and Monkeys 
Enzymes, in conventional units 


No. of J 
Object of the ex- examic by Brann’s 


amination nations metho method 


85—195 3,0—8,0 1,6—4,8 2,3—2,8 


Man 
Monkey (Macacus 
rhesus) 55—280 1,8—16,2 | 2,5—20,3 | 2,2—2,9 


In Table 2 are given the results of the estimations of the glycoproteins in the serum. 


In respect to monkeys the results given are those of single analyses and they are only a rough guide. Never- 
theless these results do give grounds for the assumption that a more intensive study of the glycoproteins in the 
serum of monkeys (anthropoid as well as lower) would be of considerable interest to comparative biochemistry. 
Species differences in the biochemistry of the glycoproteins, if they are confirmed, may be of importance in 
discovering the role of these, as yet very little studied, compounds in the pathological chemistry of man (and in 
particular, in the pathological chemistry of cancer and tuberculosis). 


So far as specific proteins — the enzymes — are concerned, information in the literature is very sketchy. 


In analyzing the results in Table 3, the wide range of variation in amylase activity in the serum of mon- 
keys must be pointed out, These variations in amylase titer were observed not only during our investigation of 
different monkeys, but also in the same monkey over a period of 15 days. If this finding is compared with the 
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TABLE 4 


Content of Minerals in the Blood of Healthy Human Subjects and Monkeys (Macacus 
rhesus) 


| Whole blood Plasma or serum Red blood cells 


Minerals 
monkeys} man | man |monkeys; man 


Calcium, mg 9—13,2) 9--11 
Iron, mg 29—48 | 49—56 
Copper, y% 57—92 | 77—106 
Zinc, mg% 
Silicon, y% 51—54 | 49—56 
lodine, 4,4—8,3 (6,0—8,5 
Sulfur, mg% 
nonprotein 
inorganic 
organic 
total oxidized — 


TABLE 5 


Content of Nonprotein Nitrogenous Compounds in the Blood of Healthy Human Subjects 
and Monkeys 


Amino- 
No, of} Urea, as [Creatinine] Uric acid Ergo~ 


Object of byam-|mg% of as mg% of |as mg’ of lmg% of thione, thioneine, 


the examination} 
nitrogen pitrogen {nitrogen 
8 8 itrog itrogen |mg% mg 


Man 10 |10,2—15,3,0,45—0,72,0,75—1,2 | 5,8—7,9/21,0—28,5) 2,1---3,8 


0,28—0,65) 5,9—8,3) 8,0--19,4) 0,0 


Monkey (Ma~ | 
cacus rhesus) 10 | 8,9—14,6 eee 


statement by S, D. Balakhovskii [1] that the variations in the amylase titer in the blood of a healthy person are 
small, then this might be regarded as a species peculiarity of the lower monkeys; however simultaneous observa- 
tions on healthy persons (see Table 3) show the possibility of a similar lability in the amylase titer in human blood 
also, 


The aldolase activity of the serum of lower monkeys also differs from that of healthy human subjects by its 
wider limits of variation and its higher maximum, Still more pronounced are the differences in phosphatase ac~ 
tivity. The alkaline phosphatase content of the serum of the Macacus rhesus monkey differs markedly from that 
of adult human subjects and in some ways resembles the variations in the alkaline phosphatase titer in the blood 
of infants. It is impossible also to exclude completely the possible presence of abortive and incipient forms of 
rickets in the monkeys examined, kept in captivity, and as we know this is characterized by a raised blood phos- 
phatase titer. The figures of carbonic anhydrase activity in the whole blood of the Macacus rhesus monkey and 
of man almost coincide. 


Figures showing the mineral content of the blood of human subjects and monkeys are given in Table 4, 


As may be seen from Table 4, no particular differences are found in the mineral content of the blood of 
man and the lower monkeys, Unfortunately the results in respect to the individual component salts of the blood 
in monkeys were obtained at different times of the year, which does not allow possible seasonal variations in the 
component salts to be detected. In addition, whereas there is a general similarity in the mineral composition of 
the blood, human red cells are slightly richer in zinc; this is not completely in agreement with the degree of 
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activity of the enzyme carbonic anhydrase (which includes zinc in its composition), found in human blood, which 
does not differ from its activity in the blood of monkeys. Slight differences in the range of variations of the io- 
dine content of the blood of the monkeys examined do not give grounds for this to be regarded as a peculiarity of 
the biochemistry of these animals. If we consider that the iodine content of the blood reflects the functional ac- 
tivity of the thyroid gland, there are no grounds for postulating any species differences in this activity in monkeys. 


The slightly smaller content of iron and copper in the whole blood of the monkeys may be compared with 
the smaller content of total protein (and in particular of hemoglobin) in their blood. The average quantity of 
hemoglobin per 100 ml of whole blood in Macacus rhesus is 12.3 g, which is slightly below the normal hemo- 
globin content of human whole blood. 


Figures for nonprotein nitrogenous compounds in the blood of human subjects and monkeys are shown in 
Table 5, 


The figures given in Table 5 demonstrate considerable differences in the distribution of nonprotein nitro- 
genous compounds between the blood of man and the lower monkeys (higher concentration of creatinine, lower, 
concentration of uric acid and glutathione, absence of ergothioneine from the blood of monkeys). 


It must be pointed out that the lower monkeys excrete very little uric acid as such, but convert it into 
allantoin, which is a characteristic feature of the majority of mammals with the exception of the anthropoid apes 
and man, This may be compared with the figures given above of the low level of uric acid in the blood of the 
lower monkeys, Although allantoin may be detected in small quantities in human urines (the urine of newborn 
infants contains a considerable quantity of allantoin), this biochemical characteristic of the urine of the lower 
monkeys is of interest. It may be that the anthropoid apes (like man) are deficient in the enzyme uricase, which 
is responsible for the conversion of uric acid into allantoin, 


This biochemical feature of the lower monkeys thus places them closer to the other mammals than to the 
higher monkeys and man, It is very likely that this resemblance is also apparent in the distribution of uric acid 
between the body fluids (blood, urine, sweat), the more especially as, for instance, the sweat glands in the anthro- 
poid apes are well developed, but in the lower monkeys they are confined to the sole, 


It may be concluded from these results described that whereas the mineral metabolism of the lower mon- 


keys shows considerable resemblance to that of man, a more detailed study of the metabolism of nitrogenous com- 
pounds evidently provides results demonstrating species characteristics of the metabolism of monkeys, 


SUMMARY 


A comparative biochemical examination of the blood of healthy people and of lower monkeys was con- 
ducted. The content of various proteins and mineral substances in the blood of lower monkeys (Macacus rhesus) 
was compared with that in healthy people, Certain differences in the content of proteins and in the distribution 
of the nonprotein nitrogen substances in the blood of human beings as compared to the blood of lower monkeys 
may be considered to be species specific. On the other hand the indices of the mineral metabolism in lower ani- 
mals show a considerable similarity to these indices in man, Therefore, a further profound study of the nitrogen 
metabolism indices has future prospects from the comparative-biochemical point of view. 
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THE EFFECT OF PENETRATING RADIATION ON THE SUCCINIC DEHYDROGENASE 
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There are many reports on the effect of penetrating radiation on the activity of the oxidation-reduction 
processes in the tissues in both the Soviet and foreign literature. It is a well known fact that in radiation sickness 
there is inactivation of the free SH-groups, which occur in the coenzme_ groups of the majority of enzymes, 
However the information on the activity of the various thiol oxidizing enzymes, which includes succinic dehydro- 
genase, in various stages of radiation sickness is highly controversial. Whereas according to some workers [4] the 
activity of the thiol enzymes falls within a few hours of irradiation with x-rays, in the opinion of others [6-8] it 
is unaltered, Finally, according to Kunkel and Phillips [5], the activity of the thiol enzymes is markedly in- 
creased in the first few days after irradiation with even lethal doses of x-rays. 


In this connection it appeared of interest to carry out a histochemical investigation of the succinic dehydro- 
genase activity in the course of radiation sickness caused by single and repeated irradiation with x-rays. 


EXPERIMENTAL METHOD 


We divided into 2 groups 96 white rats whose initial weight was 160 g, and which were kept on a standard 
diet: the first group was irradiated with a dose of 150 r, the second with 450 r, Irradiation was performed with an 
RUM=3 apparatus, with a tube voltage of 180 kv, current 15 ma, filters 1 mm Al and 0.5 mm Cu, and a dose 
strength of 56 r/min, The animals were killed by decapitation after 3 and 24 hours and 7, 15, 30, 35, 45, 50 and 
60 days of irradiation. At each interval of time 4 rats were taken, one of which was the control (not irradiated). 
After clinical recovery, the remaining rats were exposed to further irradiation with the same dose of x-rays. They 
were killed after the same intervals, After clinical recovery from the second attack of radiation sickness the ani- 
mals were irradiated with the same doses a third time. The neotetrazole reaction for succinic dehydrogenase was 
carried out by Shelton's method [2] on fresh sections of the heart, liver and kidneys of the killed animals. 


EXPERIMENTAL RESULTS 


Three hours after the first irradiation the succinic dehydrogenase activity of the parenchymatous organs 
(heart, liver and kidneys) is unchanged by comparison with that of normal animals, Twenty-four hours after- 
wards the activity of the enzyme is considerably increased in the liver and kidneys (Fig. 1,b), but remains at its 
original level in the heart muscle, Later the succinic dehydrogenase activity begins to fall, and it reaches its 
normal level at the onset of radiation sickness, i.e, on the 7th day; in the course of development of the radiation 
sickness the activity continues to fall (on the 15th day it is below normal). A fall in the activity of the enzyme 
also takes place in the period of clinical recovery of the animals, and even after the restoration of all the clini- 
cal criteria which we studied (blood, body weight, urine, conditioned reflexes and so on), and the succinic de- 
hydrogenase activity of the liver and kidneys falls in response to both dosages of x-rays; (Fig. 1,c) we did not ob- 
serve inactivation in this form in the cardiac muscle, After the first repetition of irradiation the same features 
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Fig. 1. Succinic dehydrogenase in the kidneys of rats after irradiation with 
x-rays in a dose of 450 r, (Microphotograph. Neotetrazole, magnifying 
glass). 

a) Before irradiation; b) 24 hours after the first irradiation; c) 60 days af- 
ter the first irradiation. 


kinky 


Fig. 2. Succinic dehydrogenase in the kidneys of rats after irradiation with 
x-rays in a dose of 450 r. (Microphotograph. Neotetrazole, magnifying glass). 


a) Twenty-four hours after second irradiation; b) 45 days after second irra- 
diation; c) 24 hours after third irradiation. ’ 


were observed, with an initial rise in succinic dehydrogenase activity (Fig. 2,a) and a subsequent fall (Fig. 2,b). 
However, the degree of increase after the second irradiation was significantly less, and it only reached the normal 
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Fig. 3. Succinic dehydrogenase activity of the parenchyma- 
tous organs of white rats after the first and repeated irradia- 
tion with x-rays in a dose of 450 r, at intervals of 10 days, 


level, The third irradiation resulted in death of the majority of the animals, Twenty-four hours after the third 
exposure, activation of succinic dehydrogenase was again observed in the experimental rats (Fig. 2,c), but the 
level of the increased activity was much lower and did not reach the initial — normal — level. In the animals 
which survived the third irradiation (with a dose of 150 r), after a brief rise, a prolonged fall was observed in the 
activity of the enzyme, and this was shown not only in the liver and kidneys but also in the cardiac muscle, 


The changes in the succinic dehydrogenase activity after single and repeated irradiation may be represent- 
ed conventionally in the form of a graph (Fig. 3). 


The fall in succinic dehydrogenase activity at the height of radiation sickness in our experiments agrees 
with the findings of the majority of workers, and is possibly connected with interference with the new formation 
of enzymes by the radiation sickness [1]. The fact that at the moment of restoration of the clinical indices which 
were studied, after the first and subsequent irradiation, the activity of the enzyme remains lowered, may evi- 
dently be explained by the fact that for restoration of the power of the cell to form succinic dehydrogenase more 
time is required than for restoration of the usual clinical indices during recovery from radiation sickness. 


The activation of succinic dehydrogenase in the first 24 hours after the first and second irradiations, in our 
opinion, may be connected to some degree with the first phase of the adaptation syndrome of Selye [9] i.e. with 
the alarm reaction, during which there takes place a nonspecific mobilization of all the defensive powers of the 
body ~ including, possibly, the processes of oxidation-reduction — against the pathogenic agent. 


SUMMARY 


The succinic dehydrogenase activity was studied on the sections from the heart, liver and kidney of albino 
rats exposed to repeated x-ray irradiations, The animals were sacrificed during the course of the 1st, 2nd and 
3rd radiation sicknesses and during their temporary recovery. It was found that the enzyme activity does not 
change in 3 hours after the primary and the secondary x-ray irradiations, However, it seems to increase in 24 
hours, 


At the onset of the radiation sickness (i.e. on the 7th day) and during its course the enzyme activity di~ 
minishes and remains on the lowered levels after the clinical recovery. The degree of elevations and falls of the 
enzyme activity depends upon the dose and the number of x-ray irradiations, The theoretical concepts under- 
lying the above-mentioned results are discussed. 
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Like other biological fluids, the blood of man and animals has a relatively high electrical conductivity by 
comparison with the remaining tissues of the body, For this reason the electrical conductivity of any area of the 
body and organ depends on the quantity of blood present in it. This relationship between the electrical conducti- 
vity of the tissues of the body and their blood content is at the basis of electroplethysmography [3, 6 and others]. 
However, the electrical conductivity of the blood is not constant in physiological conditions, but depends on the 
rate of its movement; this introduces errors during investigation of the circulation of the blood by electroplethys- 
mographic methods. 


Sigman, Kolin, Katz et al. [7] found that the electrical conductivity of circulating blood changes in rela~ 
tion to changes in the rate of the circulation: as the linear velocity of the blood flow rises from 0 to 40 cm/sec, 
the electrical conductivity of the blood increases by 5-10%, These workers suggested that this phenomenon was 
due to agglutination, Changes in the electrical conductivity of a column of blood in the aorta of a rabbit when 
the blood flow was suddenly arrested were observed by Weeks and Alexander [8]. A. A, Kedrov and A, L. Nau- 
menko [1], from studies of the pulse variations in the cranial cavity by the method of electroplethysmography, 
point out that the resistance of the blood is a function of its movement. 


In this connection there is undoubted interest in the study of the relationship of changes in the electrical 
conductivity of the blood and its movement and the frequency of the alternating current used to measure it. 


EXPERIMENTAL METHOD 


Measurement of the electrical conductivity of the blood while moving was carried out by means of a spe- 
cial apparatus [3] producing alternating current of various frequencies between a range of 20 cps to 500 kcps. 
The blood to be tested passed at a determined velocity through glass tubes 8 mm in diameter and 600 mm long. 
In the lower part of the tubes were fused platinum electrodes in such a way that a line joining the centers of the 
electrodes formed a definite angle with the direction of movement of the blood. This arrangement of the elec- 
trodes enabled the relationship between the direction of an externally applied electric field and the change in 
electrical conductivity of the blood during movement to be investigated. In the experiment we used three types 
of tubes, in which the angle between the tube axis and the line joining the centers of the electrodes was 90°, 45° 
and 0°, Experiments were carried out on citrated and defibrinated blood from human subjects, dogs and cats. In 
the majority of cases an alternating current of frequency 300 kcps was used in the investigations. 


To enable the results of the different experiments to be compared and analyzed, we used the relative change 
in the electrical conductivity of the blood, equal to the quotient obtained by dividing the change in electrical 
conductivity of the blood by the electrical conductivity of the blood at rest. Both measurements were taken in 
the same units (mhos), In this way we could make allowance for errors in individual experiments, since the ef- 
fect of any factor applied equally to both the initial value of the conductivity and to the change in this value, 


In all the experiments the relative conductivity of the blood was within limits of 0.005 to 0,008 mho, and 
its changes with movement amounted to 2 to 5% of the initial value, 
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Fig. 1. Relationship of the change in the relative 
electrical conductivity of blood and its velocity 
of movement (frequency 300 kcps). 

1) Defibrinated blood of a dog; 2) calculated 
curve; 3) citrated blood of a dog; 4) citrated of 
a dog, partially agglutinated. 
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Fig. 2, Change in the relative electrical con- 
ductivity of blood in relation to the frequency 
of the current passing through it. 

1) Experimental curve; 2) theoretical curve. 


EXPERIMENTAL RESULTS 


The experiments showed that both citrated 
and defibrinated blood change their electrical con- 
ductivity on movement (Fig. 1), and citrated blood 
rather less so than defibrinated. The electrical con- 
ductivity is most sharply altered when the velocity 
of movement of the blood increases from 0 to 15 
cm/sec, Increase in the velocity of movement of 
the blood above 20 cm/sec causes no appreciable 
change in the resistance, 

Keeping the velocity of movement of the 
blood constant (12 m/sec), we altered the frequency 
of the current. During the change in frequency from 
20 cps to 500 kcps, the curve of the resistance of 
the blood fell by 30-35%, The resistance of the 
blood was altered most when a constant current was 
passed through it (Fig. 2). 


To ascertain the causes of the decrease in the 
resistance of the blood, 30 experiments were carried 
out with ionized colloidal solutions and blood com- 
ponents, and also with hemolysed blood. These ex- 
periments showed that a change in the resistance is 
observed only in the blood or component of the blood 
in which the red cells are present as integral struc- 
tural elements. Neither blood plasma nor hemolysed 
blood changes its resistance on movement. In ex- 
periments with suspensions of red cells it was shown 
that their resistance decreases on movement accord- 
ing to the same law as that obeyed by whole blood, 
but in contrast to whole blood, the change in the re- 
sistance of the suspensions is rather smaller. The 
magnitude of the change in the resistance of a sus- 
pension of red cells depends on their concentration 
(Fig. 3). 

It was found that the relative change in the 
electrical conductivity depends on changes in the 
surface of the red cells. In fact, from a compari- 
son of the physicochemical data on the composition 
of the blood of the dog and cat it may be seen that 
the surface of the cat's red cells is 30% smaller than 
the dog's. The relative change in the resistance of 
the blood of these animals during movement at the 
same velocity differs by the same degree (Fig. 4). 
Red cells, placed in isotonic saline, acquire a 


spherical shape, and hence their surface area decreases. From a comparison of the findings obtained in the ex- 
periment with whole blood and with the suspension of red cells, it may be seen that the latter changes its resis- 


tance less on movement, 


It follows from the experiments with hemolysed blood that disturbance of the structure of the red cell de- 


prives the blood of this property. 


It may be concluded from the results obtained that the relative electrical conductivity of the blood is 
greatly influenced by its chemical composition as a system: exclusion of one factor from it results in a change 
in the entire system, This is confirmed by a comparison of the results obtained in experiments with citrated and 
defibrinated blood. In trying to understand this relationship it is important to realize that the blood plasma, al- 
though it does not change its electrical conductivity on movement, nevertheless has a considerable effect on the 


change of electrical conductivity of the whole system. 
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Fig. 3. Relationship between the change in rela- 
tive electrical conductivity and the concentra- 
tion of red cells in a suspension (velocity of move- 
ment 12 cm/sec). 

1) Experimental curve; 2) theoretical curve. 
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Fig. 4,. The importance of increase in the surface 
area of red cells in changes in the electrical con- 
ductivity of the blood on movement, 

1) Citrated blood of a dog; 2) citrated blood of 

a cat; 3) suspension of cat's red cells (concentra- 
tion 4, 10°/mm, The ratios AD/BD and BD/CD 
correspond to the ratio of the surface areas of the 
red cells of dogs and cats and of cats’ red cells in 
plasma and isotonic solution. 
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The effect of agglutination was elucidated in 
special experiments with blood in which the red cells 
were agglutinated to different degrees (the degree of 
agglutination was altered by allowing the blood to 
stand before the experiment), The experiments show- 
ed that the change in the electrical conductivity of 
the agglutinated blood was 1.2 times smaller than in 
the unagglutinated. Agglutination changes the elec- 
trical conductivity of the blood on movement only 
quantitatively, without altering the general law (see 
Fig. 1, 4). This is due to the fact that the active sur- 
face of the red cells is diminished by agglutination. 


The increase in the electrical conductivity of 
the blood on movement may be explained on the as- 
sumption that the red cells carry an electric charge 
on their surface; their movement in a definite direc- 
tion then produces a convection current. The red cell 
obtains its electric charge as the result of adsorption 
of polar protein molecules on its surface [5]. 


On the assumption that the red cells have an 
electric charge, it may be considered that on move- 
ment of the blood in relation to the electrodes a cur- 
rent is produced, whose intensity can be expressed by 
the formula: 


T= pV, (1) 


where p is the volume charge of one unit volume of 
blood, equal to the product of the number of red cells 
n in this volume and their electrical charge 4; Vis 
the velocity of movement of the blood. 


Since in a laminar flow of fluid the velocity of 
its layers at different distances from the center is not 
the same, V is the integral velocity of movement of 
the blood. The current density between the electrodes 
during movement is expressed in the following form: 


5 movement * Srest (2) 
In formula (2) the item 6 movement 4 depen- 
dent on the appearance of a convection current, and 


Srest is the sum of the current of conductivity and 
the current of displacement: 


= (3) 


= j 
yEsinwt + Ecoswt (4) 


where y is the electrical conductivity of the blood at rest; E is the voltage of the electric current between the 


electrodes, 


Thus the total current density between the electrodes during movement of the blood is expressed by: 
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= yEsinwt +52 Ecoswt + qnV 


But the modulus of current density is equal to: 


€ 
5 = yEcosa Esina + qnV (6) 


where a — the angle between the vectors E and V on the assumption that the electric field is linear. In fact this 
assumption introduces a small error into the final formula, 


The change in the electrical conductivity of the blood on movement is equal to: 


6 movement _ qnV 
E 
From formulae (6) and (7), the relative change in electrical conductivity is expressed by: 


qnV 
(8) 


ly +o tana) E + qnV 


(the minus sign does not appear in front of the expression since the negative charge of the red cells must be con- 
sidered). 


Substituting the numerical values in the formula gives a relationship to the velocity and frequency of the 
current which differs from the experimental findings by 10-15%, 


We carried out a calculation for a frequency of the applied field of 400 kcps. At this frequency the di- 
electric permeability of the blood has a value of 55 and the electrical conductivity y — 0.0054 mho (2), 


Formula (8) was also applied to a suspension of red cells; under these circumstances the electrical con- 
ductivity of the suspension may be calculated by the formula given in the paper by K, S, Trincher [4} 


Ysusp. = (9) 


where Ysusp, ~ the electrical conductivity of the suspension; S — the volume occupied by the red cells (concen- 
tration); A — the electrical conductivity of the isotonic solution, 


From formula (8) it may be seen that the blood plasma does not change its resistance on movement, since 
p = nq for the plasma ,is equal to zero. 


The red cell obtains its charge as a result of the adsorption on to its surface of polar protein molecules, 
and for this reason the magnitude of the change in the electrical conductivity of the blood must depend on the 
surface area of the red cell, We can see that this relationship holds good in the data presented above. 


Thus the statement by Sigman, Katz et al. [7], that the change in the electrical conductivity of the blood 
on movement, to a constant current, is due to agglutination, is not confirmed, 


SUMMARY 


The electroconductivity of the blood changes with its flowing. This rise in the electroconductivity of 
citrated and defibrinated blood, as well as in the erythrocyte suspension follows the same law. The curves of the 
changes in electroconductivity of citrated and defibrinated blood, as well as of the erythrocyte suspension follows 
the same law. The curves of the changes in electroconductivity of these fluids differ only quantitatively, Blood 
plasma, as well as other ionic and colloidal solutions and hemolyzed blood do not change their resistance in flow- 
ing. The change of blood electroconductivity is caused by the presence of erythrocytes, the carriers of a negative 
charge, the value of which depends on their surface. The change in the electroconductivity depends on the fre- 
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quency of the passed current, the number of erythrocytes in the blood, the protein colloidal and ionic content of 
the blood plasma, The change in the blood electroconductivity characterizes the velocity of blood flow in the 
vessels and may also denote the value of the charge of erythrocytes, The phenomenon of the change of the blood 
electroconductivity should be taken into consideration in analyzing the data obtained by the method of electro- 


plethysmography. 
LITERATURE CITED 


[1] A. A. Kedrov and A, I. Naumenko, Problems of the Intrcranial Circulation of the Blood and their Clini- 
cal Elucidation, Leningrad, (1954),° 

[2] N. M. Liventsey, Electromedical Apparatus, Moscow, (1955).* 

[3] Yu. E. Moskalenko and A. N. Naumenko, Fiziol. Zhur. SSSR 42, 3, 312-316 (1956). 


[4] K. S. Trincher, Biofizika 1, 2, 113-119 (1956), 
[5] A. L. Chizhevskii, Klin. Med, 3, 60-63 (1953). 
[6] W. Holzer and K. Polzer, Arztliche Rheokardiographie, Wien, (1948). 


[7] E. Sigman, A. Kolin and L. Katz, et al, Am, J. Physiol, 118, 708-719 (1937). 
[8] A. Weeks and L, Alexander, J. Industr. Hyg. 21, 517-525 (1939). 


* In Russian. 


* 
ry 
ul 
hie 
215 
¥ 


PHARMACOLOGY 


THE SIGNIFICANCE OF SULFHYDRYL GROUPS IN THE ACTION OF 
DERIVATIVES OF QUATERNARY AMMONIUM BASES (RE: THE ACTION 
MECHANISM OF THE GANGLIOBLOCKING DRUGS) 


M. L. Tarakhovskii 


From the Department of Pharmacology (Head — Prof. S, P, Sakrividoroga) of the 
Chernovitsi Medical Institute 


(Received March 17, 1958, Presented by S, V. Anichkov, Active Member of the 
AMN SSSR) 


Substances blocking the synaptic transmission of impulses in the autonomic ganglia have become widely 
used of recent years since the most different branches of practical medicine have found them of value. However, 
the all-purpose use of these drugs is hampered because of the insufficient information available on the nature of 
the processes which occur when synaptic transmission is blocked. 


It has now been recognized that acetylcholine plays a leading role in stimulation transmission through the 
autonomic ganglia, and this has made it possible to divide all ganglioblocking substances into two groups: de- 
polarizing substances (which act like excess concentrations of acetylcholine) and competitive substances (which 
prevent the action of acetylcholine on the ganglionic cholinergic structures) [17], Because of their chemical 
proximity to acetylcholine, one group of ganglioblocking agents — derivatives of quaternary ammonium bases — 
are regarded by a majority of authors [1, 10, 18 et al.] as possessing the competitive type of action, There has 
been experimental verification of this proposal, and we ourselves recently obtained results corroborating the fact 
that the action mechanism of this group of gangliolytics is competitive [12]. 


Although there has been some progress in research investigating the intimate action mechanism of ganglio- 
blocking agents, the literature still contains hardly any information concerning the biochemical structures which 
participate in the processes effecting the conduction of impulses through the ganglia. The works of M, L, Belen’kii 
[3, 4 et al.] have demonstrated the role played by disturbances in the carbohydrate metabolism and by the asso- 
ciated accumulations of high-energy phosphorus compounds in the action of substances influencing the cholinergic 
structures of the carotid sinus. N, B, Vysotskaya [5] succeeded recently in showing that ganglionic blockade by 
means of the depolarizing type of substance, particularly nicotine, is attended by changes in the content of high- 
energy phosphorus compounds, while the content of ATP in the ganglionic tissue is not materially affected by 
substances with the competitive type of action. 


The question of the possible participation of ganglioblocking substances as in the metabolic processes, and 
particularly in the protein metabolism, is of special interest. In their many works, Kh, S, Koshtoyants and his 
co-workers [6, 7, 10, 11, 13 et al.] have assembled a considerable number of factors, which suggest that cho- 
linergic stimulation, as well as the action of artificially introduced acetylcholine, is a process immediately con- 
nected with nerve cell metabolism and which occurs with the active participation of acetylcholine in the bio- 
chemical transformations of the innervated tissues, In these investigations, Kh, S, Koshtoyants lays particular 
emphasis on the role of the sulfhydryl groups as the most reactive and labile of the groups contained in the pro- 
tein molecule. 


Considering the role of sulfhydryl groups in the action mechanism of acetylcholine and taking into account 
the competitive effects caused by gangliolytics which are derivatives of quaternary ammonium groups, we de- 
cided to demonstrate the effect of the latter under conditions in which the content of sulfhydryl groups was changed. 
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Fig. 1. Restoration of the operation of a frog's heart (isolated according to Straub) ar- 
rested with Hexonium, with the help of urea and cysteine. Time indicated in 5-second 
marks, R — introduction of Ringer's solution. 


Fig. 2. Effect of cysteine and urea on Hexontum and Hexonate block- 
ade of transmission in the superior cervical sympathetic ganglion, Ex- 
periment made October 10, 1957, Male cat weighing 2.8 kg. Anes- 
thesia: urethan, 1 g/kg; cysteine, 4 mg/kg intravenously; urea, 10 
mg/kg intravenously; Hexonium, 3 mg/kg intravenously; Hexonate, 
10 mg/kg intravenously, 


The experiments were performed on isolated biological subjects (isolated heart of a frog, rectus abdominis 
muscle of a frog) and on intact animals (cats and white mice), Cysteine was used to provide surplus sulfhydryl 
groups; urea was also used, as in the opinion of many authors, it possesses the ability to break up the protein 
molecule and liberate the reactive sulfhydryl groups [2, 8, 14 et al.]. We used a thiol poison, cadmium chloride, 
to bind the tissue sulfhydryl groups. The ganglioblocking substances used were different salts of hexamethylene-1, 
6-bis-trimethylammonium: the iodide (Hexonium), the pyridine-3-carbonate (Hexonate), and the benzoate, All 
the substances were dissolved in a Ringer's solution for use in the experiments on the isolated organs, while aque- 
ous solutions were used in the experiments on the animals, A total of 45 experiments were performed on a frog's 
heart isolated according to Straub; 20 experiments were performed with the frog's rectus abdominis muscle, and 
12 acute experiments were performed on cats. We used 50 mice in the experiments determining the toxicity of 
the gangliolytics. 
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Fig. 3, Effect of urea on ganglionic action of Hexonium, Curves (from top to bottom) 
show: respiration, blood pressure, indication of stimulation and injection of preparations; 
time indicated in 5-second marks; + intravenous injection of lobeline; V ~ stimulation of 
preganglionic trunk of vagus nerve; — start of urea perfusion, 


EXPERIMENTAL RESULTS 


In the first series of experiments, the effect of cysteine (1x 10~) and of urea (1x 107*)on the operation of 
an isolated frog's heart, which had been preliminarily stopped with Hexonium, was studied. In the control ex- 
periments, Hexonium in a concentration of 1x‘10™*) consistently caused a negative inotropic effect, rapidly suc- 
ceeded by cardiac arrest. The replacement of the Hexonium solution with the urea solution led in all the ex- 
periments to the restoration of the original amplitude of the contractions; rinsing the heart with an aqueous solu- 
tion of urea, as was done in control experiments, had a similar effect. The same effect also resulted from the 
addition of tiny quantities of cysteine (2-3 drops of a 1% solution) to the solution nourishing the heart. In order 
to examine the specificity of the symptoms we observed, we studied the effect of urea on the cardiac depression 
induced by a stimulator of N-cholinergic structures (lobeline, 1x 10"*), and M-cholinolytic (atropine, 1x 107%) 
and a protoplasmic poison (quinine, 1x 10°*). In these concentrations, all these substances caused a negative ino- 
tropic effect followed by cardiac arrest. 


In contrast to the experiments with Hexonium, urea did not eliminate the effect of these substances; the 
subsequent rinsing of the heart with a Ringer's solution did, however, lead to the restoration of the amplitude of 
the heart contractions (Fig. 1), except in the experiments with quinine, 


We used the rectus abdominis muscle of a frog to determine how the curare-like effects of Hexonium were 
affected by blockade of the sulfhydryl groups. The muscle was placed in a small glass containing a Ringer's solu- 
tion, through which oxygen was passed continuously, The introduction of acetylcholine in a concentration of 
3x 10% caused a stable contracture of the muscle. In the control experiments, the addition of Hexonium in a 
concentration of 3x 10° for 30 minutes caused the muscle to relax 40-60%, Cadmium chloride added in a con- 
centration of 3x 107° at the height of the contraction considerably weakened the curare-like effect of Hexone 
(by 10-25% in relation to the original height of the contraction), 


The experimental subjects used in the experiments on cats under ether-urethan anesthesia were the cho- 
linergic structures of the superior cervical sympathetic ganglion and the cardiac ganglia of the vagus nerve. The 
gangliolytics were injected as 1% solutions in doses of 2-10 mg/kg. Cysteine was used in doses of 2-4 mg/kg 
and urea in doses of 10-20 mg/kg; for perfusion purposes, both these substances were introduced intravenously in 
a dilution of 1 : 1000 at a rate of 50-60 drops per minute. 


In the control experiments, all the experimental gangliolytics caused, in these doses, complete blockade of 
the cardiac ganglia of the vagus nerve, lasting not less than 1} hours from the moment of injection, The reac- 
tion of the nictitating membrane was retained, although it became considerably diminished, and the original 
reaction was restored no less than an hour after the injection. 


The reaction to lobeline was also completely blocked for a long time, especially after the injection of Hex- 
onium benzoate; for this reason, it was primarily the benzoate which was used in the experiments studying the 
reactivity of the carotid sinus receptor zones, 


On a background of ganglionic blockade, the administration of cysteine and urea diminished, and in many 
cases eliminated, the lytic effect of the ganglioblocking agents. This effect was especially clearly manifested 
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by urea perfusion, which caused the liberation of the sulfhydryl groups in the organism (Figs. 2 and 3). 


We used mice to study the effect of urea on the toxic effect of Hexonium and Hexonate. We first estab- 
lished the lethal doses of these two gangliolytics; with intraperitoneal administration, the LD50 and LD100 were 
122 and 150 mg/kg respectively for Hexonium and 148 and 160 mg/kg for Hexonate. 


In the first series of experiments, mice were given intraperitoneally simultaneous injections (with two 
syringes) of Hexonium,in the LD100dose, and urea, in a dose of 300 mg/kg. Ten of the twenty mice who re- 
ceived these injections survived, Eight mice were injected with 300-500 mg/kg of urea 10 minutes before they 
were injected with the LD100 of Hexonium, The death rate was not lowered in these experiments, but death did 
occur considerably later in a majority of cases (after 1-24 hours) than in the control experiments, in which the 
animals died after 3-6 minutes. In both these experimental series, the convulsive effect of the lethal dose of 
Hexonium was considerably diminished, Respiratory insufficiency and its associated symptoms (cyanosis, exoph- 
thalmos) were also less pronounced. Urea also showed a marked “defensive” effect with the injection of lethal 
doses of Hexonate, The intraperitoneal injection into 16 mice of 200 mg/kg of Hexonate (1.25 LD100) and 300 
mg/kg of urea led to the death of 6 of the mice (37.5%). 


Additional experiments were performed to determine the effect of this group of gangliolytics on the con- 
tent of free SH groups in the tissues, The SH groups present in extracts of the brain, muscle and liver tissue of 
mice and in extracts of the femoral muscles of a rabbit were determined by A, Mirskii's ferricyanide method 
[16], as modified by A, S, Tsyperovich and A, L, Loseva [15]. From the data obtained, we drew the preliminary 
conclusions that the content of sulfhydryl groups in the liver and muscles of mice and in the muscles of rabbits 
is considerably decreased under the influence of Hexonium, There was no significant change in the content of 


SH groups in the brain tissue of the mice. 


The experimental data which we have cited indicate that the sulfhydryl groups are of definite significance 
in the processes connected with ganglionic blockade by means of cholinolytics — derivatives of quaternary ammo- 


nium bases. 


Recent data, especially those which T, M, Turpaev [13] obtained with the help of labeled atoms, have con- 
firmed the existence of competitive interrelations between acetylcholine and thiol poisons during their action 

on the protein structures of the tissues. Since the experimental group of gangliolytics are also competitive in 
respect to acetylcholine, one can propose them to possess the property of inhibiting the sulfhydryl groups of the 
protein molecule. 


At the same time, it must be emphasized that the ideas which we have expressed in regard to the type of 
action exerted by the gangliolytics of this class are by no means an attempt to simplify the nature of the problem 
by implying that the action mechanism of these suhstances consists only in blockade of the sulfhydryl groups. In 
all probability, the effect of these substances is caused not so much by direct structural changes in the protein 
molecule as by a considerable change in the reactivity of the molecule, with the change affecting primarily the 
reactivity of the sulfhydryl groups, as the most labile components of the molecule, Further investigation is re- 
quired before we can approach an understanding of the nature of the biochemical changes which are caused by 


ganglioblocking substances. 


SUMMARY 


The author studied the effect of cysteine and urea and thiol poison (cadmium chloride) on the effect of 
ganglioblocking substances, i.e, the derivatives of the quarternary ammonium bases, Experiments demonstrated 
that the action of different salts of hexamethylene bis-trimethylammonium: — ganglioblocking, curare~like and 
depressing the work of the isolated heart — may be inhibited by the substances which change the concentration 
of the free SH-groups in the innervated tissues, These facts allow one to conclude that the reactivity of the sulf- 
hydryl groups change when impulse conductivity through the ganglionic synapses is blocked. 
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AGE RESISTANCE OF FROGS TO HYPOXIA COMBINED WITH TOXIC 
DEPRESSION OF RESPIRATORY PHOSPHORYLATION 


I, P, Lapin 


From the Department of Pharmacology (Head — Prof. V. M. Karasik, 
Corresponding Member of the AMN SSSR) of the Leningrad 
Institute of Pediatric Medicine 


(Received March 28, 1958, Presented by V. V. Parin, Active Member of the 
AMN SSSR) 


The toxic effects of 2,4-dinitrophenol (DNP), a poison which depresses the phosphorylation connected with 
respiration [2], are greatly enhanced in Rana temporaria by the exclusion of pulmonary respiration with the aid 
of curare or urethan, These experiments showed that frogs in the younger age groups (first and second years after 
metamorphosis), hereafter called “young frogs", are considerably more resistant than adult frogs to the combina- 
tion of hypoxia, developing due to the exclusion of respiration, with toxic depression of respiratory phosphoryla- 
tion. This article reports the results of experiments which we conducted in order to analyze the age difference 
in the resistance of Rana temporatia to this combination. 


EXPERIMENTAL METHODS AND RESULTS 


In the young and adult frogs, respiration was excluded by means of curare, a poison which causes peripheral 
paralysis of the respiratory musculature, or urethan, a narcotic which causes a central respiratory paralysis, The 
subcutaneous injection of DNP (in doses which would not affect the behavior of the animals) into the immobilized 
frogs caused the rapid death of all the adult frogs; in the young frogs, however, the poisoning developed far more 
slowly, and all of the animals did not die (Table 1). 


The data in Table 1 deserve particular attention since the question of age resistance in cold-blooded ani- 
mals is, in itself, very interesting; there is very littie information on this subject in the literature [3, 4, 9]. 


Since there are not as yet any exact methods of determining the age of frogs, our division of the experi- 
mental frogs into 3 age groups was more or less conditional, However, the orientation indices of frogs’ age which 
we used were the same as those used in the zoological literature [1, 8]. We allotted animals weighing 0,5-3.g, 
with body length of 20-35 mm (from tip of muzzle to anal orifice) to the first-year group young frogs which 
had undergone metamorphosis from the tadpole stage the preceding summer. The second-year group was made 
up of frogs weighing 5-14 g, with a body length of 40-60 mm; two-year frogs had no secondary sex characteris- 
tics. Animals weighing more than 18 g, with a body length of more than 62 mm, were regarded as adult frogs. 
All the third and fourth year frogs had secondary sex characteristics, The frogs used in the experiments were, 
for the most part, animals whose indices were most typical of their age group (for example, first-year frogs which 
weighed 1-1.5 g, second-year frogs weighing 6-9 g and adults weighing 20-30 g). 


The experiments were conducted during the fall and winter months of the 1954-1955 and 1955-1956 sea- 
sons on 1369 animals: 695 first-year frogs (400 used as control), 232 second-year frogs (117 used as control) and 
442 adult frogs (222 used as control). 


There are three possible explanations of the higher resistance of first~and second-year frogs to the combi- 
nation of hypoxia with toxic depression of respiratory phosphorylation: 1) young frogs are more resistant to the 
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TABLE 1 
Age Differences in the Resistance of Frogs to Hypoxia Combined with Toxic Depression of 
Respiratory Phosphorylation 
Number of animals with cardiac arrest 
urethan + DNP curare + DNP 


Time after 
DNP adults young frogs adults young frogs 


injection number of animals in experiment 


1 hour 0 
1 hour 30 minutes 

2 hours 

3 hours 

4 hours 

5 hours 


24 hours 


Survived more than 
2 days 26 


Note: In all the experiments, half the minimal lethal dose of DNP was injected on a back~ 
ground of curare or urethan respiratory paralysis, 


TABLE 2 


Age Differences in Resistance of Frogs to Hypoxia of Uniform Degree Combined 
with Toxic Depression of Respiratory Phosphorylation (experiments with pressure 
chamber) 


Pressure in 
chamber Number of | Number that 
Age of Frogs (in mm of animals died 
mercury) 


Adult 
Second-year 
Second~y ear 
Second-year 
First-year 
First-year 
First-year 
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toxic effect of DNP; 2) young frogs are more resistant to hypoxia, and also, possibly to a combination of these 
two factors; 3) young frogs and adult frogs are affected differently by the exclusion of respiration, so that the 
resultant degree of hypoxia is less in the former than in the latter, Different series of experiments were conduct- 
ed to verify these different possibilities. 


The resistance of frogs of different ages to the toxic action of DNP was investigated in 4 series of experi- 
ments. 


We performed experiments with immersion, placing 10 first-year frogs and 10 adult frogs in glass exsic- 
cators. Fifty ml of a 0,1%solution of DNP was poured into the smaller exsiccator containing the first-year frogs, 
and 1000 ml of the same solution into the larger exsiccator containing the adult frogs. The first-year and adult 
animals were immersed in equal depths of the solution; with the frog in its customary position, the solution came 
up to the shoulder girdle of the animal, and pulmonary respiration was not hindered, The toxic effect of DNP 
was estimated according to disturbance of the active pose (replacement of sitting position with a horizontal posi- 
tion, with extended extremities) and to the development of paralysis of the animal's voluntary movements. Pa- 
ralysis usually developed 1-14 minutes after the loss of the active pose. 


In the immersion experiments, the active pose was disturbed sooner in the first-year frogs than in the adults 
(after an average of 34,6 and 47.6 minutes respectively). Since it was possible that the DNP entered the body 
through the skin unequally in the first-year and adult frogs due to the differences in the permeability of the skin 
of these two groups and in the amount of skin surface (in relation to body weight), we performed experiments in 
which the poison was subcutaneously administered, so that these complicating factors were eliminated. 


With the administration of a uniform dose of DNP (40 yg) — more than the absolute lethal dose — the re- 
sistance of the frogs was estimated according to the speed with which motor paralysis developed. 


Number of 
frogs 


Time paralysis set in (in minutes, 
extreme intervals) 


Age of frogs 


First-year 14 — 36 (average 23.2) 


Second~year 10 — 22 (average 17) 


Adult 


15 — 32 (average 26.5) 


As the figures show, no material differences in the resistance of frogs of different ages to the toxic action 
of DNP were found in this experimental series (although we did get the impression that the young frogs were less 
resistant), 


When the uniform doses of DNP which were injected were smaller than the absolute lethal dose, compari- 
son of the resistance of the two groups (on the basis of the number of frogs which died) showed that the first-year 
frogs were less resistant; this dose of DNP caused the death of 8 out of the 10 first-year frogs within two days, but 
of only 4 of the 10 adult frogs. 


When the effects of the minimal and absolute lethal doses were compared, it was found, as in the preced- 
ing experiments, that the first-year frogs were less resistant. 


The reasons for the lesser resistance of these frogs will not be taken up in this paper. We only mention in 
passing that newborn rats and mice are also less resistant to DNP than adult animals, probably because of the 
imperfect state of the detoxication processes in young animals [7]. 


Therefore, the reason for the greater tolerance of young frogs for hypoxia combined with toxic depression 
of respiratory phosphorylation is not a higher resistance on their part to the toxic action of DNP, 


Resistance of frogs of different ages to hypoxia. It has long been known that adult frogs can endure pro- 
longed (about 25 days) paralysis caused by large doses of curare without ill effects [10], We showed that if the 


skin is kept considerably moist constantly, young frogs can also easily endure curare paralysis for many days, 
Therefore, one cannot compare the resistance of frogs of different ages to hypoxia by using curare, for the hypoxia 
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caused by curare is mild and apparently does not independently cause disturbances in the animals, Therefore, 
we decided to perform experiments in which the frogs were subjected to the action of low partial oxygen pressure 
in a pressure chamber. 


Adult and first-year frogs were simultaneously placed in a pressure chamber in which the air was carefully 
humidifed. The greatest fall of partial oxygen pressure possible under the conditions of our method (vacuum — 
36-37 mm of mercury) was created with the aid of a Komovskii pump, The animals were kept for 30 minutes in 
this vacuum, The air temperature in the chamber was 19°, 


We present the results of 2 experiments (each with 5 adult and 5 first-year frogs): 


Lost reflex of 
rolling over from 
back 


Number 
of frogs 


First-year 


Adult 


In the first-year frogs which survived, the reflex of rolling over when placed on their backs was restored 
15 minutes after they were taken out of the pressure chamber. 


The results of these experiments surprised us, since it is a well-known fact that the younger age groups of 
warm-blooded animals tolerate a fall of partial oxygen pressure in a pressure chamber better than adult animals. 


Therefore, the greater resistance of young frogs in the subject case is not due to any greater resistance on 
their part to a combination of hypoxia with toxic depression of respiratory phosphorylation, 


give reason to believe that exclusion of pulmonary respiration causes a lesser degree of hypoxia in young frogs 
than in adults: there is a greater quantity of oxygen entering through the skin in the former than in the latter, 
because the skin surface (in relation to body weight) is greater in the smaller animals, In order to prove the ap- 
plication of this theory to our experiments, we calculated (according to the well-known Benedict formula, some- 
what modified by P. V. Terent’ev to facilitate calculation) the surface of the skin in frogs of different ages and 
the ratio of the surface to the body weight: 


log S = 1,0253 + 0.6667 log p, 


where S is the body surface in cm? and p is the body weight in g. 


These calculations showed the ratio of the skin surface to the body weight (in cm*/ g) to be 8 in first-year 
frogs, 4.92 in second-year frogs and 3.6 in adults. 


Therefore, after exclusion of respiration, when oxygen could only enter the frogs’ blood through their skin, 
it is clear that the young frogs considerably less affected by hypoxia than were the adult animals, In this connec- 
tion, the question arose of the resistance of frogs of different ages to a uniform degree of hypoxia combined with 
DNP poisoning. We obtained the answer to this question in experiments using the pressure chamber. 


Resistance of frogs of different ages to a uniform degree of hypoxia combined with DNP poisoning, Frogs 
of the three age groups were placed simultaneously (under uniform conditions) in a pressure chamber and subject- 
ed to the action of low partial oxygen pressure, created in 3 minutes by a vacuum of about 50 mm of mercury. 
The animals were kept in the pressure chamber at this pressure for 25 minutes. DNP was injected subcutaneously 
1 hour before the start of the vacuum (Table 2). 
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Lethal doses 


Minimal 
(in y/g) 


Absolute LD100 


(in y/g) 
First-year 10-12 15 22. 
Adult 30 — 32 


When hypoxia of uniform degree was combined with DNP poisoning, it is evident from Table 2 that the 
first and second-year frogs were considerably less resistant to the combination. These data are contradictory to 
the results of observations on warm-blooded animals of different ages [5, 6}; this is probably due to the differences 
in the resistance of warm and cold-blooded animals to hypoxia. The experiments in the pressure chamber con- 
firmed the opinion expressed above that the exclusion of pulmonary respiration by means of curare or urethan 
creates a lesser degree of hypoxia in young frogs than in adult animals, This also explains the greater resistance 
of young frogs to exclusion of respiration combined with toxic depression of respiratory phosphorylation. 


SUMMARY 


Experiments were performed on Rana temporaria during their first and second year of life after metamor- 
phosis, It was demonstrated that in comparison with adult frogs (aged 3 to 4 years) they possess a higher resis- 
tance to the combination of exclusion of respiration (by means of curare or urethan) with 2,4-dinitrophenol (DNP) 
intoxication, These age differences of resistance may apparently be explained by the fact that in younger ani- 
mals the skin surface is more extensive, which provides a better oxygen supply after exclusion of the respiration. 
Young frogs possess a lower resistance to DNP intoxication and are less resistant than adult animals to low partial 
oxygen pressure, as well as tothe combination of low partial oxygen pressure with DNP intoxication. 
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ONCOLOGY 


CARCINOMAS WITH IDENTICAL AND WITH DIFFERENT SPECIFIC ANTIGENS 


P. N. Kosyakov and V. S, Korosteleva 


From the D. L Ivanovskii Institute of Virology (Director — Prof, P. N. Kosyakov) 
of the AMN SSSR, Moscow 


(Received April 8, 1958, Presented by Active Member of the AMN SSSR 
N. N, Zhukov-Verezhnikov) 


The fact, observed by us [1] in 1956, that no single antigen exists which is specific for all carcinomas oc- 
curring in man, and that tumors in the same situation may differ qualitatively in their specific antigenic proper- 
ties, has received further experimental confirmation. It has been shown [2, 3] that there are tumors in which the 
specific carcinoma antigens are identical, and conversely there are others in which the specific antigens differ. 
The identity of or difference between the carcinoma antigens does not depend on the location of the tumors, 
their structure nor on the specificity of the normal antigens contained therein. These investigations have also 
established that the specific antigenic structure of the primary tumor and of its metastases is completely identi- 
cal, regardless of the location of the latter. If the original tumor gave an immunological reaction with a parti- 
cular specific serum, then the metastases from this tumor reacted positively, and vice versa, 


We did not observe any discrepancy in the behavior of the primary tumor and of its metastases in any single 
case, 


The existence of carcinomas with different specific antigenic properties was reported in 1957 also by the 
American worker Korngold [5],who used the gel-precipitation method for the analysis of the antigenic structure, 


The problem of the causes of the antigenic identity of some carcinomas and the antigenic difference of 
others is still unsolved, and the number of groups of tumors with identical specific antigens is still unknown, The 
solution of these problems is not only of theoretical interest but is also important in the development of immu~ 
nological methods of prophylaxis and therapy of malignant neoplasms in man. 


By means of the tumor immune serum No, 388 (to tumor No, 1 — a metastasis in the liver from a carcinoma 
of the cecum), which we had at our disposal, we succeeded in discovering three new tumors with identical anti- 
genic relationships: No, 46— a metastasis in the lymphatic gland from a carcinoma of the ovary, Nos, 48 and 51 
— metastases in the liver from a carcinoma of the stomach, and also in obtaining specific antisera to these tumors 
and using them to analyse the antigenic properties of tumors. 


EXPERIMENTAL METHOD 


The method of immunization of the rabbits, of freeing the sera from contamination with nonspecific anti- 
gens, and of carrying out the complement fixation test and the specific absorption experiment, which we used in 
the present work, were described in our previous communications [1, 4]. As antigens we used saline extracts of 
tissues from tumors in different situations, both crude and preserved in formalin, and also saline extracts of tissues 
from normal organs, also both crude and preserved in formalin — liver and spleen — which acted as controls. 


EXPERIMENTAL RESULTS 


In Table 1 are shown the results of the comparative study of the antigenic properties of tumors Nos. 1, 46, 
48 and 51 by the complement fixation test, using antisera Nos, 388, 998, 203 and 899 produced against them. 
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TABLE 1 


Comparative Study of the Antigenic Properties of the Tumors by the Complement Fix- 
ation Test 


ntigens 
Antigens from tumor tissues 
Tumor tions Serum 
antisera of control 


sera No. 1 | No. 46 | No. 48 | No. 51 |spleen) liver 


No, 998 
to tumor No. 46 


No, 203 
to tumor No, 48 


No, 899 
to tumor No, 51 


Antigen controls 


Conventional signs: +++ +, +++, ++, +, + different degrees of a positive reaction; — 
negative reaction, 

Note: Tumor No, 1 as a metastasis in the liver from a carcinoma of the cecum; No, 46 
is a metastasis in the lymphatic gland from a carcinoma of the ovary; No. 48 is a metas- 
tasis in the liver from a carcinoma of the stomach; No, 51 a metastasis in the liver from 
a carcinoma of the stomach, 


It may be seen from Table 1 that, after absorption with splenic tissue, the tumor antisera lost their non- 
specific antibodies to human liver and spleen, and did not react with antigens from these organs in the comple- 
ment fixation test. Conversely, each of our newly obtained sera Nos, 998, 203 and 899, like the previously ob- 
tained serum No, 388, gave a positive reaction with all the tumor antigens so tested, thereby revealing the iden- 
tity of the specific antigens contained in these tumors. 


The antigenic identity of tumors Nos, 1, 46, 48 and 51 was also confirmed by specific absorption experi- 
ments (Table 2). It may be seen from Table 2 that No, 203 tumor antiserum, after absorption with splenic tis- 
sue, retained its power to react with antigens from tumors Nos, 46, 48 and 51. Absorption of other portions of 
this serum with tissue from tumors Nos, 46, 48 and 51 led to total disappearance of tumor antibodies, We ob- 
tained similar results in an investigation of antisera to tumors Nos, 46 and 51 by the specific absorption method, 


As a result of the comparative immunological study which we made of four carcinomas from different per- 
sons, further evidence was obtained in support of the existence of malignant neoplasms characterized by the com- 
mon possession not only of specific antigenic but also of immunogenic properties, 


The sera which were obtained, with idertical immunological specificity towards the four human carcino- 
mas, were used in our comparative study of the antigenic properties of certain human malignant neoplasms of 
varied location and histological structure. In Table 3 the results are shown of the study of tumors Nos, 48, 4, 43 
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TABLE 2 


Comparative Study of the Antigenic Properties of Tumors by the Method of Specific 
Absorption 


Antigens from tissues lanti- 


Tissue used for |p; of tumor ens | Serum 
um ur 
absorption of rom | controls 


antigens the serum of sera : 3 3 the 
Na 46 M 51 spleen| 


Spleen | 


— 


Tumor No.48 | 


Tumor No.46 : BBEE 


Tumor No.51 


Antigen controls 


Conventional signs: ++++, +++, ++, +,4 different degrees of a positive reaction; — 
negative reaction. 


and 37 with the aid of serum to tumor No, 48, It may be seen from Table 3 that immune serum to tumor No, 

48, when freed from nonspecific antibodies to antigens from normal organs by means of absorption with splenic 
tissue, gave a positive complement fixation reaction both with tumor No, 48 (metastasis in the liver of carcino- 
ma of the stomach), i.e. with the tumor against which the serum was obtained, and also with tumor No, 4 (metas- 
tasis in the liver of carcinoma of the stomach), This serum did not react with antigens from tumors Nos, 43 
(carcinoma of the lung) and 37 (metastases in the skin from carcinoma of the breast), thereby demonstrating the 
absence from these tumors of specific antigens identical with those of the first two tumors, 


These results were also confirmed by absorption experiments (see Table 3), Treatment of the serum with 
tissue from tumor No, 48 or tumor No, 4 resulted in the complete loss of tumor antibodies by the serum. Con- 
versely, after treatment with tissue from tumors Nos, 43 or 37, the serum retained its specific antibodies. Quali- 
tative differences in the specific antigens of the tumors were shown not only with serum No, 204, but also by 
means of other tumor antisera of this antigenically similar group, demonstrating that the uniformity of our results 
does not depend on individual characteristics of the experimental animals producing the antibodies, but on the 
nature of the antigens used for immunization, 


The results of the comparative study of the antigenic properties of the malignant tumors by means of sera 
to tumors Nos, 1, 46, 48 and 51 are shown in Table 4 (summarized figures). It follows from the table that the 
specific sera which we obtained to tumors Nos, 1, 46, 48 and 51 enable the differentiation of all the malignant 
tumors which we examined into two groups, clearly distinguished by the quality of their antigens: a positively 
reacting and a negatively reacting group. All four tumor antisera behaved perfectly identically, giving either 
positive or negative reactions with the test tumor, We observed no case of discrepancy in the reaction of any of 
these sera, 


As may further be seen from Table 4, it was not possible to determine a relationship between the location 
of the tumor and its power of reacting or otherwise with tumor antisera. In fact the group of positively reacting 
tumors included, for example, metastases in the liver from carcinoma of the stomach (Nes, 4, 48, 51), but car- 
cinomas were found in exactly the same place, i.e, metastases in the liver from carcinoma of the stomach (Nos, 
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TABLE 3 


Absorption of a Tumor Antiserum by Tumors with Identical and Different Specific Antigens 


Time tend Antigens from tumor 


Tumor for absorption OO 
antigens of the serum | Of sera . controls 


Spleen = 


— 


to tumor 


No, 204 Tumor 
No, 48 


Hee 
BES 


Antigen controls -|- | 


Coventional signs as in Tables 1 and 2. 

Note: Tumors Nos, 48 and 4 were metastases in the liver from carcinoma of the stomach; 
tumor No, 43 was a carcinoma of the lung; tumor No, 37 was a metastasis in the skin from 
carcinoma of the breast. 


8, 14 and 15) which reacted negatively, Furthermore, the group of positively reacting tumors itself is quite het- 
erogeneous in its distribution and its pathological characteristics, but united on the basis of common possession 
of a specific antigen, This common feature is in no way connected with the blood group of the person affected 
by the tumor. 


The question of the number of groups into which tumors can be subdivided immunologically has still re- 
ceived very little study. Up to the present time the existence of three such groups of carcinoma has been proved 
{1, 2], distinguishable from each other by specific antigens, inherent in the tumor, and a fourth group, the largest, 
which is also probably a heterogeneous group of tumors, differing in its antigenic properties from the first three, 
but not yet differentiated from the point of view of its antigenic relationships. 


The problem of the cause of the existence of carcinomas with qualitatively identical and qualitatively 
different specific antigens is not yet solved, It may be, however, that the antigenic identity or difference of the 
tumors is the result of identity or difference of the etiological factors responsible for the neoplastic process. It 
would appear that further facts are required in support of this hypothesis, 


Our investigations thus showed that malignant neoplasms exist which possess not only common specific anti- 
gens but also common immunogenic properties. Tumors are also found with qualitatively different specific anti- 
gens. The fact that a tumor belongs to a particular immunological group is not connected with the location of 
the tumor nor its structure, nor with the patient's blood group. 
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TABLE 4 


Results of the Comparative Study of the Antigenic Properties of Human Tumor Tissues (mean values) 


Tumor 


Tumor Location of tumors antisera 
No. 


Metastasis in the liver from carcinoma of the cecum 

Metastasis in the lymphatic glands from carcinoma of the 
ovary 

Metastasis in the liver from carcinoma of the stomach 

Metastasis in the liver from carcinoma of the stomach 

Metastasis in the liver from carcinoma of the gall bladder 

Primary carcinoma of the liver 

Metastasis in the liver from carcinoma of the stomach 

Metastasis in the liver from carcinoma of the bile duct 

Metastasis in the liver from carcinoma of the stomach 

Primary carcinoma of the liver 

Metastasis in the liver from carcinoma of the ovary 

Metastasis in the liver from carcinoma of the stomach 

Metastasis in the liver from carcinoma of the stomach 

Carcinoma of the lung and metastases in the pleura 

Metastasis in the liver from carcinoma of the lung 

Carcinoma of the stomach 

Carcinoma of the stomach 

Carcinoma of the stomach 

Carcinoma of the stomach 

Metastasis in the liver from carcinoma of the lung 

Metastasis in the skin from carcinoma of the breast 

Carcinoma of the lung 


Conventional signs: + positive results of the complement fixation test and absorption experiment; — negative 
results of these experiments. 


SUMMARY 


Immunological investigations demonstrated that certain human malignant neoplasms possess similar speci- 
fic antigenic and immunogenic properties, On the other hand, there are tumors which have qualitatively dif- 
ferent specific antigens, The immunological group to which the tumor belongs is not connected with localiza- 
tion of the tumor, its structure or blood group. 
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The production of specific antisera to nucleoproteins is especially important in connection with obtaining 
antisera to carcinoma tissues both in man and animals, The difficulty of immunological investigation of des- 
oxyribonucleoproteins (DNP) is that they are very labile compounds, and if strong chemical or physical agents 
are used they undergo rapid destruction, in which case their immunological properties completely disappear [2, 
8, 7]. 


Our object in the present investigation was to show that in the production of antisera containing antibodies 
to desoxyribonucleoproteins, the method of preparation of the antigens is of the utmost importance, 


EXPERIMENTAL METHOD 


For the serological investigation of the desoxyribonucleoproteins we employed the reaction in which pro- 
tein is bound on to absorbent cotton fabric [1], 


The DNP was obtained by the method of Mirsky and Pollister [9] from human gastric carcinoma tissue, 
frozen in dry ice immediately after operation. The nitrogen -phosphorus ratio N/P* of repeatedly purified (3 to 
7 times) desoxyribonucleoproteins Was from 3.7 to 4.2, 


The antisera were prepared jointly by the Laboratory of Immunochemistry of the Institute of Experimental 
Biology and the N, F, Gameleya Institute of Epidemiology and Microbiology by means of the subcutaneous im~ 
munization of 2 horses with human gastric carcinoma tissue, 


As a first step, the horses were immunized with human gastric carcinoma tissue, taken from a cadaver [6]. 
Antigens were prepared by grinding the tissue in a mortar containing a small quantity of powdered glass in dis- 
tilled water, After 24 hours the mixture was centrifuged, and sodium chloride was added to the centrifugate to 
give a final concentration of 0.85%, The globulins were then separated from the saline extracts with 30% satu- 
rated ammonium sulfate, and these were used as antigens for the immunization, 


The sera obtained were tested for their content of antibodies to saline extracts and to globulins [6], and 
also for the presence of antibodies to crude DNP isolated from human gastric carcinoma tissue by means of the 
protein binding test on adsorbent cotton fabrics [1]. 


EXPERIMENTAL RESULTS 


It follows from the results given in Table 1 that the quantities of protein in the test samples "A + DNP + 
normal horse serum" and "A + DNP + anticarcinoma horse serum" were practically identical, The absence of 


* The nitrogen was determined by Conway's method, the phosphorus by the method of Fiske and Subba Row. 
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TABLE 1 


Reaction of the DNP of Human Gastric Carcinoma Tissue with Carcinoma Anti- 
sera from Horses, Expressed as mg of Protein as Nitrogen (the sera were obtained 
by immunization of horses with globulins from gastric carcinoma tissue from a 
human cadaver) 


A+ DNP + A + DNP + 
Adsorbent (A) normal horse horse anti- 
serum carcinoma 

serum 


18 
80 
81 
82 
83 


TABLE 2 


Reaction of the DNP of Human Gastric Carcinoma Tissue with Anticarcinoma 
Rabbit Sera, Expressed as mg of Protein as Nitrogen (sera were obtained by im- 
munization of rabbits with saline extracts or pulp of human gastric carcinoma 
tissue taken at operation), 


A + DNP + serum A + DNP + serum 
A +DNP +normal | against a saline against pulped hu- 
rabbit serum extract of human man gastric car- 
gastric carcinoma | cinoma tissue 
tissue 


a specific reaction may be due to the fact that the horse antigens used for the immunization did not contain na- 
tural desoxyribonucleoproteins, on the one hand because human cadaver tissue was used for the immunization, 
and on the other hand because the method of preparing the antigens itself prevented the possibility of their con- 
taining any DNP. 


Further study of this problem showed that immunization of animals with saline extracts of human gastric 
carcinoma tissue taken directly from the operating table, or with their globulin fraction, does not give rise to the 
formation of antibodies of desoxyribonucleoproteins, If the animals were immunized with fresh, pulped tissue, 
the sera then contained antibodies to DNP. These investigations were carried out on sera obtained by immuni- 
zation of rabbits. The animals were divided into two groups, The first group (5 rabbits) was immunized by in- 
travenous injection of saline extracts of human gastric carcinoma tissue taken directly from the operating table. 
The second group, also of 5 rabbits, was immunized by intraperitoneal injection of pulped human gastric car- 
cinoma tissue, removed at operation. The tissue was homogenized in the cold in physiological saline, to which 
was added desoxyribonuclease sodium citrate, in concentration of 0,01 M [5], as an inhibitor. 


Immunization of both first and second groups was carried out every fourth day for 24 days. Sera were ob- 
tained on the 8th day after the last immunizing injection of the animals. 


| %, 
Experiment 
No, 
0,018 0.110 0.540 0,550 
4 0.020 0.120 0.525 0.542 
0.093 0.612 0,630 
E 0.016 0,125 0.840 0.822 4 
1 
_4 Expt. | A + DNP a 
4 No. 
84 0.227 0.997 1.015 1,520 
4 1,050 1,670 
92 0,210 0.962 0.910 1,295 
0.980 1.405 
4 93 0,262 1,225 1,295 1.732 
q 
232 
4 
q 


TABLE 3 


Reaction of the DNP of Human Gastric Carcinoma Tissue with Anticarcinoma 
Horse Sera, Expressed as mg of Protein as Nitrogen (sera were obtained by im- 

munization of horses with homogenates of fresh human gastric carcinoma tissue 
removed at operation). 


A + DNP + 
normal horse 
serum 


A + DNP + anticarcinoma 
horse serum 


Experiment 
No. 


0.584 


102 0,122 0.350 


103 


0.455 


— 


0.175 


109 0,070 0.262 0.453 


0.109 0.262 


110 


0,060 


0.183 1,146 


113° 0.700 


1,155 1,700 


115 0.175 


116 0.157 1.260 1.960 


* In experiments Nos, 113, 115 and 116 a waffle-woven cloth was used instead 
of the ordinary cotton fabric. 


TABLE 4 


Reaction of the DNP of Human Gastric Carcinoma Tissue with Anticarcinoma Horse Serum and Its Fractions 
(reaction expressed as mg of protein as nitrogen) 


A + DNP + A + DNP + A + DNP + 


anticarci- y “globulin y “globulin A + DNP + 
, d3d28 ~glob- 
noma horse (precipitation (precipitation teh albumins 


serum with methanol) with ethanol) 


It can be seen from Table 2 that the desoxyribonucleoproteins of human gastric carcinoma tissues do not 
give a specific reaction with rabbit sera produced against saline extracts of these tissues. Conversely, in tests 
in which the sera used had been obtained against whole homogenate of human gastric carcinoma tissue, marked 
specific fixation of the protein of the antisera was observed, 


The immunization of animals with saline extracts (0.85% NaCl) does not give rise to the formation of 
antibodies to DNP because the DNP are extracted at either very high or very low ion concentration of the medi- 
um, During the preparation of antigens by saline extraction, the DNP as a rule remains in the residue, and this 
extract does not cause the formation of antibodies against DNP, whereas immunization of animals with carcinoma 
tissue homogenate does give rise to the formation of antibodies to all the constituents of the cell, including the 
DNP. 


In 1957 we showed that immunization of rabbits with normal human stomach tissue and with human gas- 
tric carcinoma tissue, taken from the cadaver, in contrast to the fresh tissue removed at operation does not give 
rise to the formation of antibodies to the natural desoxyribonucleoproteins [2]. 


This phenomenon is evidently due to the fact that the action of the enzyme desoxyribonuclease on des- 
oxyribonucleic acid, which is a component part of the DNP, deprives it of both its serological and immunological 
properties [7, 8]. 
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On the basis of the results given above, in a combined laboratory investigation [3] horses were immunized 
with homogenate made entirely from fresh human gastric carcinoma tissue, Such tissue, taken at operation, was 
at once placed on ice. The pooled operation specimens of human gastric carcinoma tissue were homogenized 
on ice in physiological saline with addition of sodium citrate. The homogenate was filtered through a layer of 
gauze to remove large and insufficiently ground particles, and the filtrate, consisting of the entire cell contents, 
acted as antigen for the immunization, 


The horse sera obtained were usually tested for their content of antibodies to saline extracts of carcinoma 
and normal tissues [3, 4], and the presence or absence of antibodies to natural desoxyribonucleoproteins was es- 
tablished, 


As may be seen from the results shown in Table 3, the sera obtained against fresh human gastric carcinoma 
tissue, taken at operation, contain antibodies to desoxyribonucleoproteins. The quantity of protein in the test 
samples "A + DNP + anticarcinoma horse serurh" was considerably higher than that fourid im the test samples'"A 
+ DNP + normal horse serum”, 


On the basis of the data in the literature and our laboratory findings, anticarcinoma horse sera were sub- 
jected to fractionation by the method of precipitation with methanol and ethanol®, Investigation of the frac- 
tions thus obtained for the presence of antibodies to both saline extracts [3, 4] and to natural desoxyribonucleo- 
proteins showed that the main serological activity of the sera is contained in the y-globulin fraction, 


Table 4 shows the results of the serological reaction of the desoxyribonucleoproteins with anticarcinoma 
horse serum and with its fractions, 


The results of a typical experiment, as shown in Tabie 4, demonstrate that almost the whole of the serolo- 
gical activity towards DNP of the anticarcinoma horse serum obtained against fresh human gastric carcinoma 
tissue, taken at operation, is contained in the y-globulin fraction, 


On the basis of the results reported in the present communication, it may be concluded that for the pro- 
duction of fully effective antisera containing antibodies against the DNP, it is desirable to use homogenates of 
fresh tissue, taken at operation, for the antigen. The antigens must be prepared in such a way that the desoxy- 
ribonucleoproteins are not destroyed, otherwise the resulting sera will not contain antibodies against these com- 
pounds. 


SUMMARY 


The method of preparation of the antigens is of paramount significance for the obtaining of antiserums 
containing the antibodies to desoxynucleoproteins (DNP), Immunization of animals with water-salt extracts of 
the human stomach cancer tissue (obtained at autopsy and during operations), as well as by its globulins does not 
cause formation of antibodies to DNP, 


Antibodies of DNP may be obtained in case of immunization of animals with homogenates of fresh surgi- 
cal tissues which is especially important for therapeutic serums, The main serological (DNP) activity is con- 
tained in the y ~globulin fraction of the anticancer horse serum obtained by immunization with fresh surgical hu- 
man cancer tissues. 
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A PREPARATION FROM HIPPOPHAE RHAMNOIDES WHICH INHIBITS 
GROWTH OF TRANSPLANTED TUMORS IN ANIMALS 


M. F, Petrova, E, Ch, Pukhal’skaya and G. I. Men'shikov 


From the Laboratory of Chemistry of Natural Substances (Head — Prof. G. P. Men'shikov) 
and the Laboratory of Experimental Chemotherapy (Head — Corresponding Member of the 
AMN SSSR Prof. L, F, Larionov) of the Institute of Experimental Pathology and Therapy 
(Director — Corresponding Member of the AMN SSSR Prof. N. N, Blokhin) of the AMN 
SSSR, Moscow 


(Received June 24, 1958, Presented by Active Member of the AMN SSSR V, V. Zakusov) 


As has previously been reported, alcoholic extracts of the bark of Hippophae rhamnoides, prepared by M. 
F, Petrova in the Laboratory of Chemistry of Natural Substances in our Institute, inhibits the growth of trans- 


planted tumors in animals [1, 2). 


The object of the present investigation was to isolate the active principle of the alcoholic extract of the 
bark of Hippophae rhamnoides, and to study its properties, with particular regard to its biological action. 


EXPERIMENTAL METHOD 


Production and properties of the preparation. The finely ground bark of young shoots of H, rhamnoides was 
extracted with alcohol, The alcohol extract was evaporated in vacuo (20 mm) in a current of nitrogen on a wa~- 
ter bath in which the water temperature did not exceed 40°. The dark colored tarry residue was treated with wa- 
ter, the insoluble portion filtered off and the solution neutralized with 10% sodium bicarbonate solution to a pH 
= 7, 


The precipitate thus formed was filtered off. The neutral solution was acidified with hydrochloric acid to 
pH = 6.0 and passed through a column filled with cationic resin (mark KB-4 n~ 20) previously treated with a 
5% solution of hydrochloric acid solution, After passage of the whole of the solution, the cationate was carefully 
washed with distilled water, and the material adsorbed was washed out with a 5% solution of hydrochioric acid, 
a silicotungstic acid test being used as a control of complete desorption. The acid eluate was neutralized with 
sodium bicarbonate solution to pH = 7,0, the resulting precipitate was filtered off, and the filtrate was shaken up 
with a small quantity of powdered skin in order to make quite sure that it was free from tannins, After filtra- 
tion, the solution was evaporated to dryness in a current of nitrogen in vacuo (10- 15 mm) on a water bath (wa- 
ter temperature not above 35-40°), The firm, dry residue was extracted with absolute alcohol, The alcohol ex- 
tract was filtered to remove the inorganic residue, and the alcohol was then driven off in vacuo (10 - 15 mm) 
on a water bath (water temperature not above 40°) in a current of nitrogen. The residue — a pale yellow, firm, 
amorphous mass, readily soluble in water and alcohol ~ is the preparation whose antitumor activity was investi- 
gated as described below. Judging by the paper chromatogram, obtained on slow filter paper by the system: n- 
butyl alcohol — acetic acid — water in proportions 4:1:5, the preparation is a mixture of two compounds with Rr 
values of 0.25 and 0.4, moreover the stains may be detected in ultraviolet light (green luminescence) and they 
may also be revealed by treatment with the following: 1) an ammoniacal solution of silver nitrate, 2) a 1% 
solution of potassium permanganate with sodium carbonate, 3) a solution of a diazonium salt derived from ani- 
line, 
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TABLE 2 


The Action of the Preparation Hr and of the Crude Extract of Hippophae rhamnoides 
Ehrlich's Tumor, Inoculated Intramuscularly 


No. of mice | Average weight! of 


Expt. Dose (in mg/ of tumor growth of tu- 


No. Preparation kg) subcu- mors as % of 
taneously expt. |control | expt, | control 


Crude extract 100 

Crude extract 250 

rhamnoi 100 
es 

— rhamnoi 250 
es 


EXPERIMENTAL RESULTS 


In consequence of these results and of the method of preparation, the hypothesis is well grounded that the 
preparation is a mixture of the hydrochlorides of two bases, We are to continue the further study of these bases, 


In the following description of the biological action of the preparation it will be designated conventionally 
as Hr (the initial letters of the generic and species names of the plant from which it is isolated). 


For injection into an animal (subcutaneously or intraperitoneally) the preparation was dissolved in distilled 
water, The toxic action in animals, previously described in the case of the crude extract [2], is of the same gen- 
eral character in the case of Hr, for injection of this substance into rats, mice and rabbits was followed by an ac- 
tion of varying severity on respiration (increased rate and subsequent weakening of the respiratory movements); 
at the same time a general sluggishness and restriction of the movements of the animal was observed, A note- 
worthy feature was the considerable difference in the magnitude of the single lethal dose when injected into mice 
in different ways — intraperitoneally and subcutaneously, By intraperitoneal injection, the LD 100% (the dose le- 
thal for 100% of animals) varied in the region of 500 mg/kg body weight, and by subcutaneous injection of a dose 
of 1 g/kg body weight only individual mice perished, and the LD 100% was impossible to determine, in general, 
for a larger dose could not be administered to the mouse subcutaneously, Rats were more susceptible to the toxic 
action of Hr and they died after intraperitoneal injection of a dose of 140 mg/kg. Death took place 30-50 min- 
utes after administration of the lethal dose, 


We tested the inhibiting action of Hr on three different strains to transplanted tumors in mice and rats: on 
two carcinomas (an Ehrlich's tumor and a hepatoma in mice of the C,HA strain) and one sarcoma (sarcoma 45 
in mongrel rats), It was thus shown that doses, well tolerated on repeated intraperitoneal injection (100 mg/kg 
for mice and 75 mg/kg for rats) give only a feeble antitumor effect (Table 1, experiments 6 and 13). Larger 
doses only, tolerated when administered subcutaneously, give good antitumor effects: for mice 250-300 mg/kg 
and for rats 150 mg/kg daily (Table 1, experiments 1, 3, 4, 9 and 11). Whether the antitumor effect was strong 
or weak was determined as a rule by the degree of susceptibility of the strain of tumor transplanted to the inhi- 
bitory action of the preparations previously studied, mainly chioroethylamine and ethylenimine derivatives. Sar- 
coma 465 of rats is known to be much more susceptible to the latter than Ehrlich's tumor. In sarcolysin treatment, 
for instance, complete absorption of sarcoma 45 may be obtained, i.e. 100% inhibition of growth [3], whereas 
Ehrlich's tumor shows considerably greater susceptibility to the action of this preparation and also to the action 
of others, well-known preparations (Dopan, TEM, etc.). In view of this, we refer to a 48% inhibition of the growth 
of sarcoma 45 (see Table 1, experiment 13) as a feeble antitumor effect, and a 40% inhibition of the growth of 
an Ehrlich's tumor (see Table 1, experiment 3) as a considerable antitumor effect. It must particularly be borne 
in mind that in the latter case the tumor was inoculated intramuscularly, and from our own observation this great- 
ly increases the resistance of the tumor to the damaging action of the preparation (see below), On experiment 
on the action of Hr on Ehrlich's tumor was carried out with solution from ampules which had been heated to 70° 
on a water bath for 3 hours. The result of this experiment showed that heat, in this form, does not affect the anti- 
tumor activity of the preparation (see Table 1, experiment 4). 
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Simultaneously with certain of the experiments described above, and with the same controls, experiments 
were carried out with sarcolysin, used here as a preparation whose action on tumors has been well studied [3], in 
order to compare it with our new preparation, Comparison of the action of Hr and sarcolysin on tumors of the 
same strain showed that Hr significantly falls behind sarcolysin in its action on sarcoma 45 (see Table 1, experi- 
ments 11 and 12), but slightly exceeds in its action on carcinomas — both Ehrlich's tumor and mouse hepatoma 
(see Table 1, experiments 1-5, 9 and 10), The relationship of the strength of action of both of these preparations 
which were being compared could be convincingly shown to depend on the mode of inoculation of the Ehrlich's 
tumor: when inoculated intramuscularly (experiments 3-5) the inhibiting action of both sarcolysin and Hr fell 
by comparison with their action on tumors inoculated subcutaneously (experiments 1 and 2), 


The experimental results given in the table showed that the active principle contained in the crude alco- 
holic extract of the bark of Hippophae rhamnoides was also present in the preparation tested and gave an anti- 
tumor effect of approximately the same order as that previously obtained with the crude extract [2]. 


The results of the experiments to compare the antitumor action of Hr and the crude extract of the bark of 
Hippophae rhamnoides (Table 2) showed that the active principle is more highly concentrated in Hr than in the 
crude extract, for it required a dose of 250 mg/kg of the latter to produce almost the same inhibition of the tu- 
mor as did Hr in a dose 2# times smaller, 


We do not believe that Hr is the final form of the preparation, since the active principle which it contains 
requires further purification, Furthermore, the prolonged subcutaneous injection of this preparation is tolerated 
satisfactorily only by mice, and in rats it often leads to the formation of areas of infiltration and of dermatitis. 


SUMMARY 


The active principle of the alcohol extract of Hippophae rhamnoides bark was studied. The chemical 
method of obtaining the Hr preparation representing the mixture of chlorhydrates of 2 bases is described. The re- 
sults of investigation of the inhibiting effect of Hr on tumors is compared with the action of the well known pre- 
paration sarcolysin, 
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THE MECHANISM OF THE ANTITUMOR ACTION OF DL-N-DI-(2-CHLOROETHYL) 
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(Received May 5, 1958, Presented by Active Member of the AMN SSSR V, V, Zakusov) 


The investigation of the mechanism of action of active antitumor preparations of the chloroethylamine and 
ethylenimine groups on tumor and normally proliferating tissues is an important task in the chemotherapy of tu- 
mors, 


Preliminary work with one of the first compounds of the chloroethylamine group — methyl-di-(2-chloro- 
ethyl)-amine showed that there is a great deal of evidence in support of the direct action of this preparation or 
of its conversion products on susceptible tissues, For example protection of the bone marrow and the receptor 
field of the gastrointestinal tract from the action of chlorethazine, circulating in the blood stream, prevents the de- 
velopment of aplasia of the bone marrow and of the vomiting reflex, for in the course of this time the prepara- 
tion is either combined or inactivated in the tissues of the body [2, 4, 7]. 


New compounds of the chloroethylamine and ethylenimine groups have now been prepared, whose physico- 
chemical properties and the strength and spectrum of whose antitumor action differ considerably from each other, 
depending on the “carrier of the active alkylating groups [2]. 


Investigations of the blood concentration of the active antitumor preparations sarcolysin and TEM, which 
we carried out in 1955-1956, showed that it rapidly falls in the first few minutes after administration. We es- 
tablished this in cross-circulation experiments, when after injection of large doses of sarcolysin and TEM to the 
donor, the recipient rabbit did not die, nor did it show any severe lesion of the hemopoietic system, provided 
that it received the donor's blood at least 3-5 minutes after administration of the preparation to the donor. 


It has been shown [9] that the blood concentration of TEM, labeled with c™ in the ethylenimino group, 
falls sharply, and between 30 seconds and 3 minutes 90-95% of the induced radioactivity disappears; about 1% of 
the radioactivity stays in the blood for roughly 6 hours. The curve of fall in concentration of radioactivity after 
administration of labeled TEM, according to Nadkarni and Goldenthal, is identical with that of methyl-di-(2- 
chloroethyl)-amine (chlorethazine). 


Great differences between chlorethazine and novochlorethazine sarcolysin and TEM on the other were re~- 
vealed in experiments in which the circulation of the bone marrow was temporarily occluded, G, L, Zhdanov 
[1] and the author showed that sarcolysin and TEM produce lesions of the bone marrow in the areas excluded 
from the circulation for 10-60 minutes. With longer periods of occlusion of the circulation of the bone marrow 
and administration of small, sublethal doses of sarcolysin, complete or almost complete protection of the exclud- 
ed areas from the action of the drug is observed, However, after administration of TEM and exclusion of areas 
of the bone marrow from the circulation for 120 minutes, full protection cannot be obtained, even if small doses 


are given. 
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Fig. 1. An experimental rat in which the tumor on the left side is ex- 
cluded from the circulation. 


The impression was thus created that, despite the initially rapid fall in the concentration of sarcolysin and 
TEM, there is nevertheless a certain quantity of the preparation or of some other active agent, causing damage 
to the bone marrow, circulating in the blood stream for a considerable length of time. 


In order to investigate the mechanism of the antitumor action of sarcolysin and TEM it was necessary to 
carry out experiments in which the blood supply of the tumors was cut off for different intervals of time, so that 
the importance of factors circulating in the blood could be ascertained. The first experiments in which sarco- 
lysin was administered showed that the depression of growth of a tumor excluded from the circulation for 20 min- 
utes is almost the same as that of a tumor which is not deprived of its blood supply [1]. 


We carried out experiments in which tumors of the sarcoma 45 type in rats were excluded from the circu- 
lation for various intervals of time and single or repeated injections of various doses of sarcolysin and TEM were 
given, and we also examined the possible effect of preliminary ischemia of the tumors. 


EXPERIMENTAL METHOD 


The investigation was carried out on 120 rats with sarcoma 45, i.e. with a tumor that is most susceptible 
to the action of sarcolysin and TEM, Suspensions of tumor cells were implanted subcutaneously at the same time 
in the right and left flank or in the right flank and the hindlimb, The experaments of administration of the pre- 
parations and exclusion of the circulation were performed on the 7th day after implantation, when the tumors 
had attained a measurable size. In order to cut off the blood supply of the tumor implanted in the flank, its skin 
"pedicle" was clamped with a pair of dtdinary flexible, curved stomach forceps, as used in surgical practice 
(Fig. 1). To cut off the blood supply of a tumor implanted in the hind-limb, the peritoneal cavity was opened 
and the aorta and inferior vena cava clamped with Dieffenbach's forceps with rubber-covered blades. Under 
these circumstances the preparation was injected into the vena cava above the site of the clamp, The clamp 
was then removed and the abdomen closed and sutured, In addition, each series included a control group of ani- 
mals which was not injected with the preparation, Each group consisted of 10 animals, In assessing the action 
of the preparation on the tumors, consideration was paid to the mean diameter of the “protected” and "unpro- 
tected" tumors, to the mean weight of these tumors in the control animals and in those receiving the preparations, 


The inhibition of growth of the tumors was calculated as a percentage by the formula: T = am. 100, where 


Mp is the mean weight of the tumors in the control group and M, is the mean weight of the tumors in the experi- 
mental group. 


The preparations were dissolved in physiological saline: sarcolysin at 60° and TEM at 20°, 
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The Action of Sarcolysin on the Growth of Sarcoma 45, Deprived of Its Blood Supply for 
Various Periods of Time (10 rats in each series) 


Dose of sarcolysin Time during Inhibition 


which blood | Weight of | of growth 
Senin mg/kg | Number of | supply cut | tumor (g) | of tumors, 
injections | off (in min) in % 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 


* Preliminary ischemia of tumor before injection of the preparation. 


EXPERIMENTAL RESULTS 


The first series of experiments was carried out on 20 rats into which sarcolysin was injected intravenously 
and the aorta and inferior vena cava were clamped to cut off the blood supply of the tumor, implanted in the 
hindlimb, for 5, 10, 20 and 30 minutes, These experiments showed that exclusion of the tumor from the circu- 
lation for periods of up to 30 minutes during the administration of the preparation in a dose of 10 and 15 mg/kg 
body weight did not prevent cure of the tumor. 


In the next series, experiments were performed on a large number of animals in which tumors were im- 
planted in the right and left flanks, The blood supply of the tumors was cut off by the application of a clamp. 


Exclusion of the tumor from the circulation for 20 minutes had no essential effect on the rate of cure of 
the tumor as a result of administration of sarcolysin (see Table, series 1). In series 2, the tumor was also deprived 
of its blood’ supply for 20 minutes during administration of the preparation, but it was subjected to preliminary 
ischemia for a period of 100 minutes, These experiments showed that preliminary ischemia of the tumor does 
not lower its susceptibility to the action of sarcolysin (see Table). 


When the blood supply was cut off for 60 minutes some degree of protective action was observed: inhibi- 
tion of growth of the tumor deprived of its blood supply amounted to 76.9%, whereas in the tumor not excluded 
from the circulation it was 94%, 


A complete "protective" effect was observed when a single injection of a dose of sarcolysin of 15 mg/kg 
was given, only if the blood supply was cut off for 120 minutes, Under these circumstances the inhibition of 
growth of the tumor on the right side was 95%, and of that on the left side (blood supply cut off) — 4,9% only 
(see Table). 


Hence it could be concluded that 2 hours after the injection of sarcolysin in a dose of 15 mg/kg, neither 
it nor other active products could be found in the blood in quantities capable of depressing the growth of sar- 
coma 45, However it must be pointed out that in the control animal, temporary ischemia of the tumor for 120 
minutes resulted in inhibition of its growth by 39%, whereas in the experiment in which sarcolysin was injected 
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Mean dismeter of tumor (in mm) 


7 0 6 
Days after inoculation 
Injection of TEM 


Fig. 2, The action of TEM on the growth of 
sarcoma 45 in rats when the blood supply of 
the tumor on the left side is cut off for 120 
minutes. 

1) Growth of the tumor (on the right) in the 
control rat; 2) growth of the tumor (on the 
left) in the control rat; 3) growth of the tu- 
mor (on the left) in an experimental rat 
(TEM 0.3 mg/kg); 4) growth of the tumor 


(on the left) in an experimental rat (TEM0,4 
mg/kg); 5) growth of the tumor (on the right) 


in an experimental rat (TEM 0,3 mg/kg); 6) 
growth of the tumor (on the right) in an exp 
perimental rat (TEM 0.4 mg/kg). The fig- 
ures on the right indicate the inhibition of 
growth of the tumors in %, 


and the blood supply cut off for the same length of time, 
no inhibition was apparent. Possibly in this case there 
was some stimulation of the growth of the tumor by very 
small doses of the preparation or by other active pro- 
ducts remaining in the blood for longer than 120 minutes, 
which cut short the inhibiting effect of temporary de- 
privation of the blood supply. 


To study further the problem, experiments were 
set up in which repeated injections of small doses of 
sarcolysin were given and the blood supply of the tumors 
was cut off, It could be assumed that a smaller dose of 
sarcolysin would disappear more rapidly from the blood 
stream, and therefore the protective effect would be ob- 
vious even when the blood supply was cut off for shorter 
periods of time. These experiments were carried out 
with four injections of sarcolysin in doses of 4 and 5 
mg/kg at intervals of 72 hours, with correspondingly fre- 
quent interference with the blood supply to the tumors, 
However, the protective effect under these conditions 
was smaller than that after a single injection of sarcoly~- 
sin in a dose of 15 mg/kg body weight (see Table, series 
5 and 6), 


In analysing these results it was essential to bear 
in mind that prolonged and repeated exclusion of the 
blood supply of a tumor may itself cause considerable 
inhibition of growth of the tumor. For instance, when 
the blood supply of the tumor was cut off on a single 
occasion for 120 minutes, it was 39%, but when cut off 
four times for 120 minutes, inhibition of growth of the 
tumor reached 58%, 


Experiments in which the blood supply of a sarco- 
ma 45 was cut off during administration of TEM were 


carried out with doses sufficient to cause strong inhibition of growth of this tumor. The preparation was injected 
intraperitoneally in a dose of 0.3 mg/kg and 0,4 mg/kg, four times at intervals of 72 hours, and immediately be- 
fore the injections the clamp was applied to the tumor on the left side for 120 minutes, The rats were killed on 
the 20th day after inoculation, It was thus found that despite the exclusion of the blood supply of the tumor for 


120 minutes, TEM caused depression of its growth. However the percentage inhibition of growth of the “protected” 


(left) tumors was lower, and for a dose of 0,3. mg/kg it amounted to 88,2, and for a dose of 0.4 mg/kg, 89.2, 
whereas in the “unprotected” (right) tumors it was 99.1 and 99.4 respectively (Fig. 2). These results show that 
exclusion of the tumors even for 2 hours from the general circulation, into which TEM is absorbed from its peri- 
toneal cavity, did not completely protect them from the action of the preparation or of other active antitumor 


products circulating in the blood stream. 


Experiments carried out with sarcolysin and TEM demonstrated the importance of an agent, circulating in 
the blood stream, in the process of cure of the tumor. The simplest explanation of this is the view that there is 


a gradual fall in the concentration of the preparations in the blood, However, in opposition to this view, the find- 


ings indicate a rapid fall in the concentration of sarcolysin and TEM in the blood in only the first few minutes 
after their administration, and in particular findings showing the disappearance of radioactivity from the blood 
after injection of labeled TEM [9]. The explanation of these different views evidently requires the assumption 
of either an action on the tumor by extremely small amounts of the preparations, circulating for a long time in 
the blood stream and gradually damaging the tumor, or the formation of certain additional products in the body 
associated with these preparations. It is perfectly obvious that investigations of the distribution and fate of anti- 
tumor preparations in the body would be of immense assistance in elucidating the mechanisms of the antitumor 


action of the alkylating agents. Such investigations are, however, still in their early stages at the present time. 
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It has been shown by studies of the distribution of labeled di-(2-chloroethyl)-amino DL-phenyl-8 cM ala- 
nine (sarcolysin) that the total radioactivity of the blood, liver and tumor was at the same level, Under these 
circumstances the proteins had a higher activity than the nucleic acids [5]. Besides the absence of an additional 
label in the active chloroethyl group, an essential defect of this investigation was the fact that the comparative 
study of the distribution of radioactivity in the normal and tumor tissues was undertaken in the main at late peri- 
ods (24-48 hours). Such results may evidently be of little assistance in analysing the mechanism of the antitumor 
action of sarcolysin, considering that the preparation injures the tumor mainly during the first two hours after in- 
jection into the body. At later periods a redistribution of the preparation may occur, practically unrelated to the 
process of damage to the tumor. 


When TEM with a labeled triazine ring was administered, after 24 hours no selective accumulation of radio- 
activity could be detected in the tumor or any other tissues [8], Preliminary results on the fate of TEM labeled 
with C“ in the ethylenimine group showed rapid disappearance of radioactivity from the blood, Unchanged TEM 
was not found in the urine, and only cyanuric acid, quite inactive against tumors, was excreted. In the course of 
24 hours from 68-73% of the injected radioactivity was excreted in the urine, Chromatographic separation of the 
radioactive »roducts showed, from preliminary rats, that at least 16 radioactive metabolites were formed in the 
urine [6, 9]. 


Evidently the use of the method of labeled compounds alone, and also of indirect biological tests such as, 
for instance, the temporary deprivation of the blood supply of organs and tumors susceptible to the action of anti- 
tumor preparations, are insufficient for the purpose of discovering the process of action of these preparations or 
their metabolites on normal and tumor tissues, One of the important steps in the study of the mechanisms of the 
antitumor action of the alkylating antitumor agents is further precise quantitative investigation of the concentra- 
tions of the preparations or of active products of their conversion in the tissues and fluids of the body, especially 
in early periods, studying at the same time the biological, and in particular the antitumor, action of these com- 
pounds, 


SUMMARY 


The author studied the effect of the temporary exclusion of the circulation from one of the two sarcomas 
"45" transplanted to rats on the antitumor effect of sarcolysin and of TET (a preparation known abroad as TEM). 
In single administration of sarcolysin (15 mg/kg) the exclusion of the circulation of the tumor for 20 minutes does 
not give any significant protective effect. In exclusion of the tumor from the bloodflow for 60 minutes a slight 
decrease of the inhibition of its growth is noted, while in its exclusion for 120 minutes the weight of the protected 
tumor shows almost no difference from the control tumor. Inhibition of the growth of unprotected tumor trans- 
planted to the other side of the same rats reached 95%, 


The protective effect was less pronounced in numerous administration of lower doses of sarcolysin with sim~- 
ultaneous exclusion of the circulation of the tumors. 


Exclusion of the tumor circulation for 120 minutes in administration of 4 doses of TET (0.3 and 0,4 mg/kg) 
with the interval of 72 hours causes a slight decrease in the inhibition of the tumor growth. 
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EXPERIMENTAL BIOLOGY 


AN INVESTIGATION OF THE PHYSIOLOGICAL REGENERATION OF THE EPIDERMIS 
AND HAIR AT DIFFERENT AGES BY THE METHOD OF AUTORADIOGRAPHY 


L. I. Chekulaeva 


From the Laboratory of Histology (Head — Prof, L. N. Zhinkin) of the Institute of 
Experimental Medicine (Director — Corresponding Member of the AMN SSSR 
Prof. D, A, Biryukov) of the AMN SSSR, Leningrad 


(Received June 6, 1958, Presented by Active Member of the AMN SSSR V, V, Parin) 


The distribution of labeled sulfur in the amino acids of keratinizing and nonkeratinizing epithelia of adult 
animals and animals in various stages of postnatal development has been determined in research by L. F, Belanger 
(5), L. N. Zhinkin [—1, 2] and L, L Chekulaeva [3, 4]. The most intensive accumulation of radioactive suifur ’ 
in keratinizing epithelium during the first few hours after injection of the isotope was observed in the stratum 
spinosum, less so in the stratum basale and the stratum granulosum, and a quite negligible amount in the stratum 
corneum, The character of the distribution is connected with the formation of keratin and with the further kera- 
tinization of the cells, The cells of the stratum spinosum, labeled with radioactive sulfur, were transposed into 
the stratum corneum, still retaining their radiosulfur, which enabled the intensity of physiological regeneration 
to be judged by the rate of replacement of the stratum corneum. On this fact was based the study of the rate of 
physiological regeneration of the various components of stratified epithelium, differing in their structure. In the 
epithelium of the dorsal skin of the rat, for instance, it amounted to 3,3y, and in the skin of the sole about 10, 
per day. In the nonkeratinizing epithelium of the cornea, soon after administration of methionine the maximum 
inclusion of $95 was found in the basal cells, and it diminished towards the surface, thus reflecting the general 
level of protein metabolism. In this case too, by transposition of the cells it was established that the two super- 
ficial layers are replaced in the course of 48 hours [3]. 


These findings served as the basis for the study of the rate of physiological regeneration of the epithelium 
of the dorsal skin of rats at various stages of postnatal development, depending on the special features of the 
structure of the epidermis at different ages. 

TABLE 1 


The total Thickness of the Epidermis and of Its Individual Strata in Rats at 
Various Ages 


Thickness of strata, p 


65 22 20 


Newborn 

5-days old 
10-days old 
20-days old 
30-days old 


4 
im 
be: 
i 4 
4 
Age of 
rats granulosum | corneum 
60 20 10 30 
52 14 8 30 
4 30 — 32 14 4-6 12 -. 
34 20 4 6-10 
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TABLE 2 


Number of S° Tracks on the Epithelium of the Dorsal Skin of a Newborn Rat 
in Autoradiographs Exposed for 24 Hours 


Stratum 


Time since injection 


2 hours 
24 hours 
3 days 


TABLE 3 


Number of S*® Tracks on the Epithelium of the Dorsal Skin of 5- and 10-Day Old Rats in Auto- 
radiographs Exposed for 24 Hours 


Stratum 


of Rats 
5~days| 10-days| 5-days} 10-days| 5-days| 10-days | 5-days | 10-days 
old old old old old old old old 


1 hour 0,64 0,58 0.94 | 0,80 0.26 | 0,22 0.02 0.08 
24 hours 0.7 0.6 1.26 | 0.84 0.74 | 0,54 0,18 0,22 
3 days 0.58 0.46 0.64 | 0.66 0.48 | 0.84 0,22 0,62 
5 days 0.36 0.66 | — 0,86 


EXPERIMENTAL METHOD 


Fifty white rats were used inthe experiments, The structural features of the dorsal skin were studied by the 
ordinary histological methods. The rate of physiological regeneration of newborn, 5- and 10-day old rats was 
investigated By the method of autoradiography. The experimental rats were injected subcutaneously with methi- 
onine, labeled with radioactive sulfur, in a dose of 0.5 »C/g body weight, The material was fixed at intervals 
of 1, 2, 4, 6, 12 and 24 hours, and 2, 3, 5 and 10 days after injection of the radioactive preparation. Autoradio- 
graphy was carried out on a type P emulsion produced by the Research Institute of Cinephotography. 


EXPERIMENTAL RESULTS 


The epidermis of the dorsal skin of newborn rats within a few days of birth consisted of well developed 
strata germinativum, granulosum andcorneum (Table 1), A characteristic feature of the epidermis at this peri- 
od was the structure of the stratum granulosum, which was distinguished by the thickness and the morphological 
features of the cells of which it was formed. This layer accounted for about of the thickness of the epidermis. 
Its cells, arranged in 4-5 rows, were flattened and contained granules of besntatiyilie which differed in their 
staining, size and number, The staining of the rows of cells bordering on the stratum corneum was lighter, In 
their cytoplasm were found oxyphil granules, the number and size of which increased as the stratum corneum was 
approached, The stratum corneum of the epidermis of newborn rats was formed of keratinous scales, closely 
packed against each other; their borders could not be demonstrated by the usual staining methods. 


In 5-day old rats the epithelial layer had become somewhat thinner. The proportions of the individual la- 
yers were changed (see Table 1). In addition, the number of rows of cells in each layer was also changed, In 
the stratum spinosum, for instance, one row of cells was usually found instead of two or three in the newborn rats, 


asale granulosum | corneum 
0.44 0.6 0.34 0.02 
0.5 0.64 0.26 0.12 
0,36 0.46 0.32 0,32 
= Time since injection basale granulosum corneum 
2 
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Fig. 1. Tracking autoradiograph of the epithelium of Fig. 2, Tracking autoradiograph of the epithelium of 
the dorsal skin of a newborn rat 2 hours after injection the dorsal skin 3 days after injection of methionine to 
of methionine, a newborn rat. 

Staining by eosin-azure. Exposure of emulsion ~ 5 Staining by eosin-azure. Exposure of emulsion — 5 
days. Magnification 420 x. days, Magnification 420x, 


in the stratum granulosum — 2-3 rows, with complete disappearance of the cells with oxyphil granules, and the 
stratum corneum was slightly thickened, At the same time the skin contained only rudiments of hair, and their 


was no external covering of hair. 


In the subsequent stages characteristic changes arose in the dorsal skin, associated with development of the 
hair, On the 10th day the total thickness of the epithelial layer was still further reduced, on account of thinning 
of all the strata of the epidermis except the corneum, which kept its original dimensions, Later, on the 20th and 
30th days of life, in association with the development of a covering of hair the thickness of the epithelial integu- 
ment continued to diminish, mainly on account of the stratum corneum (see Table 1), 


Hence, during 20 days of postnatal development of the rat, the dorsal skin showed a gradual reduction in 
the thickness of its epithelial layers, on account of a decrease in the number of rows of cells in each stratum. In 
addition a change took place in the shape of the cells and they were reduced in size. The basophilia of the cyto- 
plasm of the cells of the stratum basale was decreased. The nuclei were more lightly stained, Furthermore, be- 
cause of the development of the covering of hair, the stratum corneum became thicker. 


We studied the physiological regeneration of the epidermis at successive stages of development in newborn, 
5- and 10-day old rats, In the newborn rats 2 hours after injection of radioactive methionine, serial autoradio- 
graphs showed the greatest intensity of inclusion of s** by the cells of the stratum spinosum, A slightly less in- 
tense accumulation was found in the stratum basale and stratum granulosum (Fig. 1). 


It must be pointed out that the radioactive sulfur content of the stratum granulosum of the epidermis of 
newborn rats was significantly higher than in adult animals, In the stratum corneum, radioactive sulfur was found 
only in areas bordering on the granular cells. After 24 hours and 2-3 days, the intensity of inclusion of s* in the 
stratum germinativum showed no visible change. However, the S® content of the stratum corneum was grossly 
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Fig. 3. Tracking autoradiograph of the epithelium of Fig. 4, Tracking autoradiograph of the epithelium of 
the dorsal skin of a 10-day old rat one hour after in- the dorsal skin 3 days after injection of methionine to 


jection of methionine. a 10-day old rat. 
Staining by eosin-azure. Exposure of emulsion — 5 Staining by eosin-azure, Exposure of emulsion ~ 5 
days, Magnification 420 x. days, Magnification 420 x. 


altered. In the animals killed 3 days after injection of the isotope, for instance, the stratum corneum as a whole 
was now filled with radioactive sulfur (Fig. 2, Table 2) on account of its replacement by cells of the strata spi- 
nosum and granulosum and the desquamation of old keratinous scales. 


From the results obtained it might be considered that the whole of the stratum corneum was replaced in 
the course of 3 days. Its thickness in newborn rats was 23-25 py, hence the rats of its replacement was about 8 
p in 24 hours, 


In 5= and 10-day old rats the character of distribution of radioactive sulfur was the same as in the newborn 
animals. One hour after injection of radioactive methionine, these rats also showed selective accumulation of 
sulfur in the stratum spinosum of the epidermis (Fig. 3, Table 3), for its content in the strata basale and granulo- 
sum was smaller. In the stratum corneum, at the border with the stratum granulosum, there were isolated traces 
of radioactive sulfur. When 6, 12 and 24 hours had elapsed after the injection of methionine, an insignificant 
accumulation of S® took place in all the strata. In 5-day old rats, 3 hours after injection of methionine, the 
s* was transposed into the stratum corneum, filling it completely after 5 days (Table 3), The thickness of the 
stratum cornuem of the epidermis in our preparations was 22 y. It took 5 days for it to be filled with s® tracks; 
hence the average rate of replacement of the stratum corneum was 4,4 » per day. In 10-day old rats the stratum 
corneum filled with radioactive sulfur in 3 days, with an average rate of 4.9 » per day (see Table 3, Fig. 4). 


Besides studying the replacement of the stratum corneum, on the same preparations and at the same time 
we studied the rate of growth of the hair. In the first few hours after injection of methionine, S*® accumulated 
intensively in the keratogenous zone of the developing hairs, whereas the overlying areas did not contain any 
radioactive label. Later, as the growth of the hair proceeded, the area labelled with radiosulfur moved along 
the length of the hair, which enabled the rate of its growth to be calculated, For instance, in the first 3 days 
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after birth the rate of growth of the dorsal hairs was on the average 150 y per day. In the period from the 6th to 
the 8th day, i.e. at the moment of emergence of the hair on to the skin surface, the rate was more than doubled. 
On the 10th day the intensity of growth reached the charactertistic value for the adult animal (i.e, 500 p per 
day). 

In comparing the results of all these experiments it must be borne in mind that at different stages of post- 
natal development the thickness of the stratum germinativum and also of the stratum corneum are not the same, 
Correspondingly, the rate of replacement of the stratum corneum, by which we judge the intensity of physiologi- 
cal regeneration, is different. Physiological regeneration of the epidermis takes place most rapidly of all in new- 
born rats, and it gradually slows with age. This fall in the rate of physiological regeneration coincides with 
changes in the structure of the epithlium itself and with the development of a covering of hair. A converse re- 
lationship is observed in the development of the dorsal hair: this grows most slowly in young animals and three 
times quicker in adult animals, 


SUMMARY 


The authors studied the physiological regeneration of skin epidermis on the back and of the hair at the 
early stages of postnatal development (in newborns and 5~10-day old animals) by the autoradiographic method, 
by the movement of the cells with incorporated radiosulphur in the epithelial stratum and the shaft of the hair. 
Different velocity of physiological regeneration of the epithelium was established: in newborns it equals about 
8 » per 24 hours and in 5-10-day~-old animals~ 5 », Beginning from the 6th day of life the velocity of physio- 
logical regeneration of the epithelium drops, which corresponds to the decrease of the thickness of the horny la- 
yer and hair growth. On the contrary, an increase of the growth velocity is noted in the hair after birth. Thus, 
in the newborn rats the velocity of growth equals 150 » per 24 hours, while in 10-day-old rats it averaged 500 py, 


The intensity of protein metabolism in various layers of the epithelial stratum was studied simultaneously, 
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THE REGULATION OF CELL DIVISION IN EPITHELIAL TISSUE IN 
PROCESS OF REGENERATION® 


G. A. Kovaleva 


From the Department of Histology and Embryology (Head — Prof. G, S. Strelin) 
of the L, P, Pavlov First Leningrad Medical Institute , 


(Received March 13, 1958, Presented by Active Member of the AMN SSSR V. V. Parin) 


We know that the nervous system plays an important part in regulation of the metabolism of the body, and 
hence in regulation of the main vital activities of the tissues. 


Several workers have shown a relationship between cell division and the functional state of the nervous 
system [1-8, 10]. Many facts have been accumulated in G, S, Strelin's laboratory, demonstrating a fall in the 
mitotic activity of cells during excitation of the nervous system, It has been proved experimentally that the re- 
active inhibition of cell division during painful stimulation is effected through the neurohumoral system, and 
that a leading part in this process is played by adrenalin which prevents the cell from taking part in mitosis [5- 
7}. The majority of investigations so far carried out have been devoted to the study of the influence of the func- 
tional state of the nervous system on the mitotic activity of cells undergoing physiological regeneration, The 
relationship between cell division and the functional state of the nervous system during reparative regeneration 
has not been the subject of special investigation, 


The aim of our research was to study the reactive changes in cell division in a focus of regeneration dur- 
ing painful stimulation of an animal by an electric current. 


EXPERIMENTAL METHOD 


Experiments were carried out on 66 adult male rats, An injury to the dorsal surface of the tongue was in- 
flicted on the animals by means of a red-hot wire, 5 mm in diameter. The mitotic activity of different areas 
of a focus of regeneration is known to change in the course of healing [9]. Reactive inhibition of cell division 
was therefore investigated in our experiments on the 2nd, 4th and 10th days of repair. The rats were subjected 
to stimulation by an electric current (8-10 v) for 30 minutes, after which they were killed at once, The material 
was fixed in Bouin's fluid, Vertical sections of the tongue were prepared, 14 y in thickness, and stained with 
hematoxylin by Carazzi's method. Control animals were not exposed to the electric current, The number of 
mitoses in 100 fields of vision was counted in the following areas: in the area of regeneration, in the immediate 
vicinity of the wound, some distance from it, and also on the ventral surface of the tongue, We took as normal 
the number of mitoses in control animals in an area some distance from the wound, since the number of mitoses 
in such areas agreed with the number of dividing cells in an analagous area of the undamaged tongue. 


EXPERIMENTAL RESULTS 


The distribution of mitoses in the region of the wound, in the control and experimental animals, at all 
stages of regeneration observed, is shown in the Figure. The curve give the mean values, On the 2nd day 9 ex- 
perimental and control animals were investigated, and on the 4th and 10th days, 12 animals, 


* Delivered at the All-Union Conference on Problems of Regeneration and Cell Proliferation, tn Moscow, on Jan= 
uary 28-31, 1958. 
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Number of mitoses in 10 fields of vision 


Fall in the mirotic activity of cells of the epithe- 
lium of the tongue in the region of the wound in 
response to stimulation on the 2nd, 4th and 10th 
days of regeneration, 

1) In control animals; 2) in experimental ani- 
mals; I) area of regeneration; II) area near the 
wound; II) area at some distance from the wound 
(each area was split up into smaller ones, corres- 
ponding to 10 fields of vision). 


On the second day or regeneration (see Figure, 
la),. the epithelial tissue of the tongue bordering on 
the edge of the wound, was wedge-shaped on section. 
The area of regeneration itself occupied 1-2 fields 
of vision. As seen from the figure, a characteristic 
feature of the control animals on the 2nd day was 
absence of mitoses in the regenerating tissue and an 
outburst of cell division in area II, closest to the site 
of injury. The number of cells undergoing division 
here was roughly 3 times greater than in area II, at 
some distance from the wound: whereas in this area 
the number of mitoses, with considerable fluctuation 
throughout the series, averaged 38,8, at the place of 
the outbreak their number rose to 95.5 on the aver- 
age per 100 fields of vision. On the 4th day of re- 
generation (see figure, b) the mitotic activity of the 
cells in the area immediately next to the wound re- 
mained high — on the average 70,9 mitoses per 100 
fields of vision, but at this period a large number of 
dividing cells appeared in the area of regeneration 
itself — to as many as 42 per 100 fields of vision, 

On the 10th day of repair (see figure, 1c ) high mi- 
totic activity was shown by the cells of the area of 
regeneration (138 mitoses per 100 fields of vision on 
the average for the area), together with a high mi- 
totic coefficient for the area around the wound. 


At all the stages at which we studied the heal- 
ing of the wound of the tongue, we thus observed 
around the injured area in the epithelium of the con- 
trol animals an outburst of mitotic activity and an 
increase in the number of dividing cells in the area 
of regeneration, 


When the animals were stimulated with an 
electric current on the 2nd, 4th and 10th day of re- 
generation (see figure, 2,a,b, c) in area Il in the 
immediate vicinity of the wound a stronger suppres- 
sion of mitotic activity was observed than in the 
more distant area II. This is clearly shown in the 
figure. On the 2nd day of healing, the number of 
dividing cells in the area around the wound (ID) fell 
during stimulation on the average by 65.2%, where~ 


as at a distance from the wound (area III) it fellby only 46%, When the rats were stimulated by the electric cur- 
rent on the 4th day of regeneration, the number of dividing cells around the would fell on the average by 58.6%, 
and at a distance from it, by 40%, Stimulation of the animais on the 10th day was accompanied by a fall in mi- 
totic activity near the wound by 65.3% and at a distance from it, by 48.6%, 


When the results of the experiments carried out at all three periods of regeneration were combined, then 
under the influence of electrical stimulation of the animals, the mitotic activity in the area next to the wound 
(I), characterized by maximum activity of cell division, fell on the average by 60.9% In the area at some dis- 
tance from the wound (II), the fall reached only 43.8% compared with the controls, The difference in the de- 
gree of suppression of mitotic activity (17%) was statistically significant. 


The fall in mitotic activity in the area of regeneration itself was insignificant on the 4th day, when a quite 
large number of mitoses could be seen there (J), in contrast to the area II next to the wound, and it amounted to 


= x 
= 

a 

12 

10 

/ 

‘ 

, 2 

b 

4 A 

2 

4 4 

10 

4 

8 
f 

™ v woo, 

4 

4 

4 

4 
4 
Be 
252 
ye 


only 10%, The difference observed here in the degree of suppression of mitotic activity in the area of regenera- 
tion and in the more distant area was 33%; this difference was statistically significant, The area of regeneration 
could be described at this period as are active for the reduction in cell division in its epithelium during stimu- 
lation was less marked than in normal conditions (area II). 


Counts of the number of dividing cells on the ventral aspect of the tongue showed that here the normal mi- 
totic activity was a lower in intensity than on the dorsal surface, When the animals were stimulated by the elec- 
tric current, the reactive suppression of cell division on the ventral surface of the tongue was less marked than in 
the dorsal epithelium, A similar feature was observed by V. V. Kozlov [3] in the corneal epithelium in mice. 

In areas with a lower mitotic activity, as in our case, the inhibition of cell division during stimulation of the ani- 
mals was relatively weak. 

The results obtained showed that reactive inhibition of mitosis is shown more clearly in the epithelium 
around a wound, in which proliferative processes are enhanced, than in intact epithelium, In the epithelial la- 
yer creeping over the wound surface, on the other hand, reactive inhibition was almost absent. In regeneration 
after trauma, therefore, there is a change in the reactivity of the tissue to the factor regulating mitotic activity. 
A change in the reactivity of tumor tissues has been demonstrated by V. V. Kozlov [3] and L A, Alov [1]. It 
must be emphasized, however, that in the case of a tumor this is purely a matter of a fall in the power of reac- 
tive inhibition of cell division, During regeneration the reactivity of the tissue may either fall or it may rise, 
Differences are found between regeneration and the growth of tumors so far as the integrating system of the body 
is concerned, 


SUMMARY 


A burn was inflicted on rats on the dorsal surface of the tongue, Reactive inhibition of cellular division 
was examined on the 2nd, 4th and 10th day of regeneration in animals which were stimulated with electric cur- 
rent. 


Reactive inhibiton of mitosis is more pronounced in the epithelium surrounding the wound (in which the 
proliferative processes are enhanced) than in intact epithelium, 


Reactive inhibition, on the contrary, is almost absent in the epithelial layer, creeping over the wound sur- 

face, 
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THE IMPORTANCE OF THE SIZE OF A HOMOGRAFTED SKIN FLAP 
AND ITS PERIOD OF SURVIVAL 


E, A. Zotikov 


From the Laboratory of the Biology of Antigens (Head — Candidate Med, Sci, 
M. M, Kapichnikov) of the Institute of Experimental Biology (Director — Prof, 
L N. Maiskii) of the AMN SSSR, Moscow 


(Received June 20, 1958, Presented by Active Member of the AMN SSSR 
N, N. Zhukov-Verezhnikov) 


There is very little doubt at the present time that immunological mechanisms le at the basis of death of 
homografts. From the abundant evidence of the immunological nature of tissue incompatibility may be mention- 
ed the finding that the life of homografts is shortened with increase of their area in consequence of the enhanced 
immunizing power of the grafts [7-9]. However, these experiments were concerned with grafts of small dimen~ 
sions, not exceeding a few cm’, 


In the course of work with skin homografts many times larger than those used by the authors cited [7-9], 
we came to a different conclusion, The basis for the present investigation was work on transplantation of large 
skin flaps, carried out by M. A, Vorontsova on cold-blooded animals [1]. 


Period of Survival of Grafts in Relation to their Size 


Number of Survival period of homografts in days 


Homografts recipient less than 14 | from 30 to 45 | over 60 
animals 


EXPERIMENTAL METHOD 


For the experiments we used white rats of both sexes, weighing 100-150 g, and not closely related to each 
other, As an additional guarantee of absence of isoserological identity of the partners, the rats we used as donor 
and recipient for transplantation of large skin flaps were also from different nurseries. Areas of skin which cover~- 
ed the whole of the animal's spine and flank were transplanted. The area of the flaps varied between 30 and 60 
cm*, The operation was performed in the usual way under ether anesthesia and under sterile conditions, For 
transplantation full-thickness grafts were taken, not including the subcutaneous muscle layer. This layer was re- 
tained in the recipient, and it served as the base of the wound, Rats with small homografts (2-6 cm?) acted as 
control animals, 


The viability of the grafts was judged by their clinical condition and also by the state of the circulation 
in the transplanted skin flap. 
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A rat with a homograft 2 months after transplantation, The graft 
has taken; its borders can be identified by the fact that the direc- 
tion of growth of the fur of the graft is opposite to the direction 
of growth of the fur of the surrounding skin, 


EXPERIMENTAL RESULTS 


Material which we have collected over several years has shown that in none of 55 recipients has the sur- 
vival time of small homografts exceeded 2 weeks, 


We observed different results in experimental animals (see Table) with large grafts. 


As may be seen from the Table, in 10 recipients the duration of survival of large homografts was no longer 
than usual, The homografts died during the first 2 weeks after operation. In 13 recipients the period of survival 
of large homografts was considerably lengthened: in 8 recipients they remained viable for up to 1-14 months; 
in 5 recipients the period of survival of the homografts exceeded 2 months (seeFigure) and moreover in two of 
these it was over 3 months, 


In these recipients with comparatively lasting survival of the graft, the epithelium of the transplanted 
flaps began to desquamate 2 weeks after operation, and the fur fell out, In the majority of cases the fur did not 
grow again later, sometimes it did, but not so thickly as in areas of healthy skin, 


It was an interesting feature that at the end of the 3rd or in the 4th week of their survival the homografts 
acquired a slight degree of pain sensation, and the animals began to react to the prick of a needle in the region 
of the transplanted skin flap. 


The results of our experiments thus suggest that skin homografts of large size survive longer than small 
grafts. These findings may evidently be explained by the fact that the homotransplantation of large flaps of 
skin is accompanied by the entry of a large quantity of foreign antigens from the donor's tissues into the body of 
the recipient. This may lead to suppression of the immunological defense mechanisms of the recipient. There 
are indications in the literature of a possible fall in the immunological reactivity of the recipient under the in- - 
fluence of a large amount of foreign antigen [2-6]. 


There is also evidence in favor of the assumption that large homografts are more resistant to the immuno- 
logical protective factor of the recipient than are small ones, However we are not yet able to give a sufficiently 
well-founded explanation of the distinctive features of the behavior of large homografts. This must be the sub- 
ject of further investigation. 


SUMMARY 


Skin homotransplants 2 — 6 cm? in size perished within the first 2 weeks after the transplantation in rats 
which were not closely related to each other. Grafting cf large skin flaps occupying all the back and sides of the 
rats (30 — 60 cm? in size) gave the following results in 8 rats (of the 23): the homotransplants remained viable 
for 1 to 1.5 months, in 3— for more than 2 months and in 2— for over 3 months. 
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SURVIVAL OF FREE SKIN GRAFTS UNDER CLINICAL AND EXPERIMENTAL 


CONDITIONS 


Teer’ 
From the Surgical Clinic (Head — Prof. G. M. Davydov) of the Arkhangelsk Medical Institute 
(Received April 12, 1958, Presented by Active Member of the AMN SSSR V. V. Parin) 


The study of the morphological changes taking place in the free skin graft and in the adjacent tissues has 
occupied many workers during the period of existence of this form of plastic surgery, starting with its founder ~ Zh, 
Reverdin, In spite of this, no unanimity has yet been reached either on certain details of the process of survival 
of freely transplanted skin or on the problem of whether its true survival is possible. 


Recently interest in the mechanism of survival of the free skin graft has increased once again in connection 
with the introduction of homoplastic operations into the practice of surgery. 


EXPERIMENTAL METHOD AND RESULTS 


We made numerous histological examination of free whole-thickness skin grafts at periods of 42 hours to 
44 years after operation on patients and after experimental operations on rabbits. The only method which we 
used here was autotransplantation of skin. 


As a result of our investigations we concluded that the character of the morphological changes in the tis- 
sues of a free skin autograft was mainly determined by the nature of its survival, In this respect we observed a 
direct relationship between the clinical course of the process of survival of the transplanted skin and the degree 
of the destructive changes and reorganization of its component tissues. If the transplanted skin survived clinical- 
ly with no complications and if macroscopically it preserved the appearance of normal skin, then its structure as 
shown by histological examination showed no essential abnormality. 


If, on the other hand, the survival of the transplanted skin was accompanied by various complications, even 
nothing more than maceration of the epidermis, the morphological changes in the graft showed signs of consider- 
able reorganization of all the tissues. 


Parallel with the above, we observed complete correspondence between the degree of preservation of vi- 
ability of the tissues of the graft and the degree of preservation of the network of blood vessels in it. When the 
skin graft took without complication, its blood vessels — both large and capillaries — in the majority of cases 
preserved the normal structure of their walls throughout the entire period of survival and at later stages after the 
operation. In the walls of the arterioles the muscular and connective tissue coats could be clearly distinguished, 
and for the most part their cells showed no abnormal changes. The endothelial cells also preserved their normal 
structure. In the composition of the connective tissue coat of the vessels we also found an unchanged network 
of elastic fibers. The discovery of elastic fibers in the tunica extima of the vessels of the graft was a valid sign 
that these vessels were not newly formed but belonged to the skin graft itself. The walls of the newly formed 
vessels growing into the graft from the underlying tissues were without elastic fibers for a long time (up to 3-6 
months), 


On examination of fragments of transplanted skin whose survival had been complicated by maceration of 
the epidermis, we observed, besides partial death of the connective tissue, muscle fasciculi and epithelial for- 
mations, death of the majority of the vessels, From 4-5 days after operation only remnants of moribund and dis- 
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Fig. 1. The skin of a rabbit after the operation of autotransplantation, 
a) After 7 days, the ink readily filled the capillaries of the stratum 
papillare; b) after 5 days, the ink penetrated into the capillaries of 
the stratum papillare. 


integrating vessels could be seen, surrounded by collections of large cells, and at the same time appeared new 
vessels of capillary type, having in contrast to the older vessels, a mainly vertical direction in relation to the 
surface of the skin, 


As a rule only the larger vessels underwent complete necrosis — the arterioles, veins and capillary network 
were preserved to some extent and, combining with new vessels growing into the graft, continued to carry out 
their function. New vessels were always formed in excess in the grafted skin, and for 4-6 weeks and sometimes 
even longer they persisted in a larger number than in healthy skin. Later a certain number of the newly formed 
vessels gradually deteriorated and their number was reduced. 


There was no doubt that the fate of a freely grafted skin flap mainly depended on how rapidly vascular 
connections were established between the graft and the underlying bed, so that a supply of blood could replace 
the seepage of plasma into the tissues. The sooner the nutrition of the graft could be ensured by an adequate 
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flow of blood, the less damage was suffered by its component tissues and cells and the better it preserved its vi- 
ability. The problem remained — by what route did the restoration of the blood supply to the free skin graft take 
place? 


From a comparison of the morphological data presented above, it could be demonstrated that a regular re- 
lationship exists between the preservation of the viability of the tissues of the graft and the preservation of the 
underlying old vascular network. Obviously the best conditions for survival of the graft were created by restora- 
tion of its circulation by incorporation of its own vascular network, When permanent anastomoses could be form- 
ed in time between the vessels of the graft and the vessels growing into it from the underlying tissues, complete 
and true survival of the grafted skin was possible, and its tissues continued to live and perform their functions. 

If as a result of unfavorable conditions the establishment of vascular connections between the graft and the under- 
lying tissues was delayed, a large proportion of the vessels of the graft perished and the blood supply of the graft- 
ed skin was restored mainly on account of new vessels growing into it from outside, 


In such cases some degree of destruction was always observed in all the tissues of the graft. Outwardly this 
was shown by maceration of the epidermis, a dark staining of the grafted skin and by other signs, Between these 
extreme types, intermediate variants were, of course, possible. 


In order to discover the times of restoration of the blood supply in free skin grafts, we perfused the vessels 
with black ink through the aorta in-live rabbits under ether anesthesia or through the auricular vein after injec- 
tion of 2 ml of a 1% solution of morphine without anesthesia, Infusion of ink was carried out until death of the 
animal, This method of infusion appeared to us to be the most physiological, since under these conditions the 
fluid injected entered the vessels at the natural pressure. 


Our investigations showed that the earliest times at which the blood supply of a free skin graft was restored 
was 48 hours after operation. At this time, however, the injected material penetrated only into individual ves- 
sels, and in some cases penetration of ink into the vessels of the graft could not be observed. 


The vascular network of the graft was filled only comparatively slightly after 72 hours, Only after 4, or in 
particular after 5 days, in all cases when the infusion of ink was highly successful, were the vessels of the grafted 
skin in the stratum papillare filled with ink as far as the smallest capillaries (Fig. 1, a and b). 


The times of revascularization which we determined during skin grafting of animals may also act as a 
guide to clinical conditions. Indirect confirmation of this is afforded by the changes which we observed in the 
staining of the grafted skin, and the bleeding from incisions made in it. An obvious rose color of the grafted 
skin is acquired not before 4-5 days after operation, and bleeding from incisions to some degree may be obvious 
3-4days after operation. 


SUMMARY 


The author studied the fate of the autotransplanted skin in clinical conditions (in patients) and in experi- 
ments on rabbits. The ingrowth of the graft is possible on condition of formation of anastomosis between the ves- 
sels of the transplant and those of the host. The circulation is completely reestablished in 5 days, In case of 

reestablishment of the circulation as a result of growing of new vessels into the graft — a part of it may undergo 
destruction and reconstruction, 
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THE EFFECT OF ADRENALIN ON THE PROCESS OF REPAIR IN NORMAL 
AND CASTRATED ANIMALS 


A. A. Voitkevich, A. I. Bukhonova, Z. D. Berlova, R. T. Gershevitskaya 


and O. D. Shebeko 


From the Department of Histology and Embryology (Head — Prof. A. A, Voitkevish) 
of the Voronezh Medical Institute (Director ~- Prof, N. 1, Odnoralov) 


(Received April 25, 1958. Presented by Active Member of the AMN SSSR V, V. Parin) 


Adrenalin is one of the essential factors of the physiological basis of the adaptational and trophic reactions 
of the body. Various changes in the environment, in particular stimuli having a profound effect on the body, 

cause an increased secretion of adrenalin, At the same time the hormonal function of the adrenal cortex is stim- 
ulated, 


matory reaction preceding it suggested the value of an investigation of the action of adrenalin in similar experi- 
mental conditions, Since the effect of the adrenal hormones is to produce characteristic changes in the white 
cells of the blood, opposite in a number of respects to those resulting from castration, we carried out parallel 
series of experiments on intact and castrated animals. Extirpation of the sex glands is known to be followed by 
increased function of the lymphoid organs, 


EXPERIMENTAL METHOD 


Experiments were carried out over a period of 2 years on 35 male white rats (average weight 230 g) and 
on 8 male guinea pigs (average weight 480 g), Nine rats were castrated 30 days, 10 rats — 60 days and 4 guinea 
pigs — 30 days before wounding. The animals of each species were divided into 4 groups. The first group of ani- 
mals received no adrenalin (control); the second group were castrated; the third group of rats were injected with 
adrenalin; the castrated animals of the fourth group were injected with a 1:1000 solution of adrenalin in a dose 
of 0.1 ml per 100 g body weight, the injections beginning 3 days before wounding and continuing throughout the 
entire period of observation of the wounds. The daily dose of the drug was given as two intramuscular injections 
in the 24 hours; during the period of observation of the wounds the adrenalin was injected 2 hours before taking 
the impression. 


Wounds were inflicted on all the animals on the lateral surface, by the standard method: a square piece 
of skin, measuring 1 cm*, was removed together with the subcutaneous cellular tissue from the white rats, and a 
piece measuring 4 cm? from the guinea pigs. The operation was carried out under general ether anesthesia. The 
wound was covered with two sterile towels, the bottom one being smeared with vaseline and applied to the sur- 
face of the wound, and the upper, dry towel was fixed to the animal's skin with collodion, Periodically the out- 
line of the open wound surface was traced on cleaned cine-film. 


Particular attention was paid to the activity of cell migration and to the numerical relationships and the 
morphological features of the various blood and tissue cells in the initial period of healing, i.e. at the time of 
development of the inflammatory reaction. For this purpose, at an early stage, when the wound surface was 
covered with a scab and was not yet epithelialized (4, 8, 24, 48 and 72 hours after formation of the skin defect), 
impressions of the wound exudate were taken. Accordingly the dressing was removed from each animal and a 
fat-free cover glass applied to the surface of the wound. The impressions were dried in the air, fixed in Niki- 
forov's mixture and stained by the Romanowsky method. In addition, 7 days after removal of the skin squares, 


Results obtained in our laboratory [2] on the effect of cortisone on the reparative process and on the inflam- 
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Number of Cells in the Wound Exudate and the Change in the Size of the Wound in White 
Rats under Different Conditions 


Number of neutrophils Area of wound surface, 


Series of in 10 fields of vision 


experiments 


Polyblasts 
after 2 after 15 


days days 


Control 243 
Adrenalin 119 
Castration 13 


Castration and 
adrenalin 


biopsy specimens were taken of the young regenerating tissues together with the adjacent area of the edge of the 
wound, The tissues excised were fixed in alcohol and formalin and embedded in celloidin; sections were stained 
with hematoxylin-eosin. 


EXPERIMENTAL RESULTS 


Observation of the wounds showed that the process of healing was retarded when adrenalin was given to 
both normal and castrated animals, The results of the experiments on white rats are given in the table. 


Under the influence of adrenalin the process of healing was most severely retarded in the early period — 
up to the 4th or 5th day there was no indrawing of the wound edges. At later periods suppression of the process 
of repair by adrenalin was more pronounced in the castrated animals, For instance, 15 days later, the control 
animals showed complete epithelialization, but in the animals receiving adrenalin the area of the wound was 
still 8 mm? and in the castrated animals 9 mm*, Administration of adrenalin to castrated animals severely re- 
tarded healing — the surface area of the wound was 30 mm?*, and complete healing of the wound took place only 


on the 21st day after it was sustained. 


The results of visual examination agreed with the data obtained from study of the cell composition of the 
wound exudate in the initial period of healing. Impressions taken 4 and 8 hours after the wound was inflicted 
showed a well-marked inflammatory reaction in the animals under various experimental conditions, Later the 
differences in the microscopic picture of the wound exudate from animals of the groups under comparison were 
increased (see Table and Fig, 1). 


In control animals 2 days after infliction of the wound a specialized leucocyte reaction was well devel- 
oped — 243 neutrophils in 10 fields of vision, The neutrophils were fully differentiated; their nuclei were nor- 
mally segmented and intensively stained. In each field of vision many polyblasts in various phases of matura~ 
tion could be made out (in the first 24 hours — up to 67 in 10 fields of vision). 


In impressions from the animals receiving adrenalin the number of migrating neutrophils was reduced to 
one half. The nuclei of the neutrophils were clearly segmented; the segments were differentiated from each 
other. The nuclei stained less intensively than in the control animals, Cells showing degenerative changes were 
found ~ with partial destruction of the nucleus and intensive vacuolation of the cytoplasm, 


In castrated animals at the same period the number of neutrophils in the wound exudate was still further 
reduced by comparison with normal (73 neutrophils in 10 fields of vision). The segmented nuclei were palely 
stained. The solitary polyblasts, with vacuolated cytoplasm, showed little activity. Many lymphocytes, mainly 
small, were found, 


The cytological picture of the wound exudate in the castrated animals receiving adrenalin differed from 
that in the foregoing series. With this combination of conditons the number of migrating leucocytes was higher 
than in the castrated animals not receiving adrenalin or in the animals receiving adrenalin alone. The neutro- 
phils showed marked segmentation and were well stained. Polyblasts with clearly outlined cytoplasm were not 
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found in every field of vision, The migration of lym- 
phocytes characteristic of the castrated animals was 
suppressed by administration of adrenalin. 


The development of an inflammatory reaction 
in the region of the wound was characterized at later 
stages in the experimental animals by a certain in- 
crease in the intensity of migration of neutrophils and 
by continuing hypersegmentation of the nuclei of the 
neutrophils during administration of adrenalin to nor- 
mal, and particularly to castrated animals, 


Analagous but less pronounced results were ob- 
tained in the small experiment on guinea pigs. The 
impressions taken here were confined to early periods, 
Fig. 1. Cells in the wound exudate of a white since progressive necrotic changes appeared in the re- 
rat receiving injections of adrenalin, Magni- gion of the wound at later periods in the normal and 
fication 1200. particularly in the castrated animals. 


A comparative study of the impressions of the 
wound exudates taken at different periods from the animals of the various series demonstrated certain distinctive 
features of the reaction of the neutrophilic leucocytes. In the animals receiving adrenalin, hypersegmentation 
of the nuclei of the neutrophils was clearly apparent. This effect persisted in experiments in two successive years. 
In Fig. 2 are shown the variation curves of the number of segments in the nuclei of the neutrophils in white rats: 
the observations made in 1957 showed a slight shift of the curve to the right, and those in 1958 to the left; the 
average number of segments in each case was close to the control value, When adrenalin was given, the shift to 
the right was clearly preserved in the experiments of the two successive years. The difference between the ex- 
perimental and control values was biometrically significant. In the castrated animals receiving adrenalin, the 
difference from the control value was still greater, The lability of the nuclei of the specialized leucocytes to- 
wards strong stimulation was higher in the castrated than the normal animals. 
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Fig. 2, Curves of variation of the number of segments in the nuclei of 
the neutrophils under different experimental conditions 24 hours after 
infliction of the wound (experiments in 1957 and 1958). 

1) Control; 2) castration; 3) adrenalin; 4) castration and adrenalin. 


The histological picture of biopsy of the wound margins corresponded to the results of the naked-eye study 
and to the cytological analysis of the wound exudate, Biopsy specimens taken from the control rats after 7 days 
showed that the wound was covered by a scab under which was a leucocytic barrier, rich in white blood cells. 
The dense, young granulation tissue was intensively vascularized; the cells in it were mainly fibroblasts at vari- 
ous stages of differentiation, together with abnormal histiocytes and white blood cells. In the animals receiving 
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adrenalin the scab on the surface of the wound was thicker than in the control experiments, and the leucocytic 
barrier beneath the scab was looser and contained relatively fewer blood cells, The granulation tissue was thin- 
ner than in the controls, and was arranged as a layer beneath the leucocytic barrier, Besides a large number of 
destroyed blood cells, this also contained a few young fibroblasts. When adrenalin was given to castrated ani- 
mals the normal formation of granulation tissue was also retarded, Epithelialization, which at this period affect- 
ed only the peripheral zone of the wound, was most marked in the controls and was extremely slight in the cas- 
trated animals, The small, wedge-shaped layer of young epithelium was thinner in the animals receiving ad- 
renalin, 


As a result of the administration of adrenalin, inhibition of the process of healing was thus observed in 
wounds of both normal and castrated animals, but it was more pronounced after castration, Under these circum- 
stances there was a characteristic retardation of the formation of granulation tissue and of connective tissue, 
which did not favor epithelialization of the wound surface. The administration of adrenalin to normal animals 
inhibited migration of neutrophilic leucocytes, and this showed no recovery in the subsequent period of observa- 
tion. After castration, the migration of neutrophils was considerablyreduced in intensity in the white rats and the 
guinea pigs; administration of adrenalin stimulated to some degree the migration of neutrophils in castrated ani- 
mals, but only at the beginning of the inflammatory reaction, 


Some of the results which we obtained were in agreement with those of previous observations on the in- 
flammatory reaction in castrated animals [1], Suppression of the migration of leucocytes by adrenalin has been 
described earlier [4, 5], and this could be connected directly with a reduction in the permeability of the vascu~- 
lar endothelium, Our results further show a resemblance in the character of the changes in the wound exudate 
produced by the hormones of the medulla and the cortex of the adrenal glands [2]. They also support the view 
of interaction between the two sections of the adrenal gland and of the physiological synergism of their hormones 
(3, 6, 7]. 


SUMMARY 


The process of wound healing is inhibited in administration of adrenalin to normal, especially to castrated 
white rats and guinea pigs. This is connected with a delay in the formation of granulation tissue and its develop- 
ment into connective tissue, as well as with retarded epithelization of the wound sutface, Administration of ad- 
renalin to normal animals inhibits the migration of neutrophils in comparison with control. This is especially 
pronounced in castrated animals. The segmentation of the neutrophilic nuclei is increased under the effect of 
adrenalin, This reaction is also more intense in castrated animals, 
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Abbreviation 
(Transliterated) 


AMN_ SSSR 
AN SSSR 
BIN 
FTI 
GONTI 
GOST 
GRRRI 
GTTI 
GU 
IKhN 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNII 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 
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State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 
State University 

Scientific Research Institute of Surgical Neuropathology 
F oreign Literature Press 

Inst. Gen, and Inorganic Chemistry (N. S. Kurnakov) 
Soil Science Inst. (Acad. Sci. USSR) 

Soviet Science Press 

Press 

Laboratory for experimental morphogenesis 

Leningrad Inst, of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 
Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 
Scientific Institute for F ertilizers 

Scientific Research Institute of Fertilizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci. Tech, Press 

Division of Technical Information 

Russian Botanical Society 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 
Central Scientific and Technical Laboratory 
All-Union Academy of Agricultural Sciences 
All-Union Institute of Helminthology 

All-Union Institute of Experimental Medicine 
All-Union Institute of Plant Cultivation 


All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 


All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad, Sci. USSR) 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 
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RUSSIAN JOURNALS FREQUENTLY CITED 


Abbreviation* 
Agrobiol, 

Akusherstvo i Ginekol, 
Antibiotiki 

Aptechnoe Delo 

Arkh, Anat, Gistol, i Embriol, 


Arkh, Biol, Nauk SSSR 

Arkh, Patol. 

Biofizika 

Biokhimiia 

Biokhim, Plodov i Ovoshchei 
Bot, Zhur, 

Biuil, Eksptl, Biol, i Med. 


Biull, Moskov, Obshchestva Ispytatelei 
Prirody, Otdel Biol, 

Doklady Akad, Nauk SSSR 

Eksptl, Khirurg. 

Farmakol, i Toksikol, 

Farmatsiia 

Fiziol, Rastenii 

Fiziol, Zhur, SSSR 


Gigiena i Sanit, 
Izvest. Akad, Nauk SSSR, Ser. Biol, 


Izvest, Tikhookeanskogo N, I, Inst. 
Rybnogo Khoz, i Okeanog. 

Khirurgiia 

Klin, Med, 

Lab, Delo 

Med, Parazitol. 

Med, Radiol, 

Med, Zhur, Ukrain, 

Mikrobiologiia 

Mikrobiol, Zhur. 

Nevropatol,, Psikhiat, i Psikhogig. 

Ortoped,, Travmatol, i Protez, 

Parazitol, Sbornik 

Pediatriia 

Pochvovedenie 

Priroda 

Problemy Endokrinol, i Gormonoterap. 


Problemy Gematol. 


Problemy Tuberk, 
Sovet, Med, 

Sovet, Vrachebny Zhur. 
Stomatologiia 

Terap, Arkh, 

Trudy Gelmint, Lab, 
Trudy Inst, Genet, 


[Biological Sciences] 


Journal* 


Agrobiologiia 
Akusherstvo i Ginekologiia 
Antibiotiki 


Aptechnoe Delo 
Arkhiv Anatomii Gistologii i Embriologii 


Arkhiv Biologicheskikh Nauk SSSR 

Arkhiv Patologii 

Biofizika 

Biokhimiia 

Biokhimiia Plodov i Ovoshchei 

Botanicheskii Zhurnal 

Biulleten Eksperimentalnoi Biologii i Meditsiny 


Biulleten Moskovskogo Obshchestva Ispytatelei 
Prirody, Otdel Biologicheskii 

Doklady Akademii Nauk SSSR 

Eksperimentalnaia Khirurgiia 

Farmakologiia i Toksikologiia 

Farmatsiia 

Fiziologiia Rastenii 

Fiziologicheskii Zhurnal SSSR im. I. M. 
Sechenova 

Gigiena i Sanitariia 

Izvestiia Akademii Nauk SSSR, Seriia Biologi- 
cheskaia 

Investiia Tikhookeanskogo N, I, Instituta 
Rybnogo Khoziaistva i Okeanografii 

Khirurgiia 

Klinicheskaia Meditsina 

Laboratornoe Delo(po Voprosam Meditsiny) 

Meditsinskaia Parazitologiia i Parazitarnye Bolezni 

Meditsinskaia Radiologiia 

Medichnii Zhurnal Ukrainskii 

Mikrobiologiia 

Mikrobiologichnii Zhurnal 

Nevropatologiia, Psikhiatriia i Psikhogigiena 

Ortopediia, Travmatologiia i Protezirovanie 

Parazitologicheskii Sbornik 

Pediatriia 

Pochvovedenie 

Priroda 

Problemy Endokrinologii i Gormonoterapii 


Problemy Gematologii i Perelivaniia Krovi 


Problemy Tuberkuleza 

Sovetskaia Meditsina 

Sovetskii Vrachebnyi Zhurnal 
Stomatologiia 

Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriia 
Trudy Instituta Genetiki 


* LIBRARY OF CONGRESS TRANSLITERATION SYSTEM. 


Translation 


Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Anatomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

I, M. Sechenova Physiology Journal USSR 


Hygiene and Sanitation 

Bulletin of the Academy of Sciences USSR, 
Biology Series 

Bulletin of the Pacific Ocean Scientific 
Institute of Fisheries and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiology 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journals 

Stomatology 

Therapeutic Archives 

Transactions of the Helminthology Laboratory 

Transactions of the Institute of Genetics 


(continued) 
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(continued) 


Abbreviation 


Trudy Inst. Gidrobiol. 
Trudy Inst. Mikrobiol, 
Trudy Inst, Okean, 


Trudy Leningrad Obshchestva Estestvoisp, 
Trudy Vsesoiuz, Gidrobiol, Obshchestva 
Trudy Vsesoiuz, Inst, Eksptl. Med. 


Ukrain, Biokhim, Zhur. 
Urologtia 

Uspekhi Biokhimiia 

Uspekhi Sovremennoi Biol, 
Vestnik Akad, Med, Nauk SSSR 


Vestnik Khirurg, im. Grekova 
Vestnik Leningrad, Univ. Ser, Biol. 


Vestnik Moskov. Univ., Ser, Biol. i 
Pochvov, 

Vestnik Oftalmol, 

Vestnik Oto-rino-laringol, 

Vestnik Rentgenol, i Radiol. 

Vestnik Venerol, i Dermatol, 

Veterinariia 

Vinodelie 1 Vinogradarstvo 

Voprosy Klin, 

Voprosy Med, Khim. 

Voprosy Med, Virusol. 

Voprosy Netrokhirurg. 

Voprosy Onkol, 

Voprosy Pitaniia 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrachebnoe Delo 

Zav. Lab. 

Zhur, Mikrobiol,, Epidemiol. i 
Immunobiol. 

Zhur. Nevropatol, i Psikhiat. 


Zhur. Obshchei Biol, 
Zhur. Vysshei Nerv, Deiatel. 


Zool, Zhur. 


Journal 


Trudy Instituta Gidrobiologiia 

Trudy Instituta Mikrobiologiia 

Trudy Instituta Okeanologiia, Akademii Nauk 
SSSR 

Trudy Leningrad Obshchestva Estestvoispytatelei 


Trudy Vsesoiuznogo Gidrobiologicheskogo 
Obshchestva 

Trudy Vsesoiuznogo Instituta Eksperimentalnoi 
Meditsiny 

Ukrainskii Biokhimichnii Zhurnal 

Urologiia 

Uspekhi Biokhimiia 

Uspekhi Sovremennoi Biologiia 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgii imeni Grekova 

Vestnik Leningradskogo Universiteta, Seriia 
Biologii 

Vestnik Moskovskogo Universiteta, Seriia 
Biologii i Pochvovedeniia 

Vestnik Oftalmologti 

Vestnik Oto-riao-laringologiia 

Vestnik Rentgenologii i Radiologii 

Vestnik Venerologii i Dermatologti 

Veterinariia 

Vinodelie i Vinogradarstvo SSSR 

Voprosy Klinicheskie 

Voprosy Meditsinskoi Khimil 

Voprosy Meditsinskoi Virusologii 

Voprosy Neirokhirugii 

Voprosy Onkologii 

Voprosy Pitaniia 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrachebnoe Delo 

Zavodskaia Laboratoriia 

Zhurnal Mikrobiologii, Epidemiologii i 
Immunobiologii 

Zhurnal Nevropatologii i Psikhiatrii imeni 
S. S. Korsakov 

Zhurnal Obshchei Biologiia 

Zhurnal Vysshei Nervnoi Deiatelnosti imeni 
I, P. Pavlova 

Zoologicheskii Zhurnal 


Translation 


Transactions of the Institute of Hydrobiology 

Transactions of the Institute of Microbiology 

Transactions of the Institute of Oceanology, 
Academy of Sciences, USSR 

Transactions of the Leningrad Society of 
Naturalists 

Transactions of the All-Union Hydrobiological 
Society 

Transactions of the All-Union Institute of 
Experimental Medicine 

Ukrainian Biochemical Journal 

Urology 

Progress in Biochemistry 

Progress in Contemporary Biology 

Bulletin of the Academy of Medical Science 
USSR 

Grekov Bulletin of Surgery 

Journal of the Leningrad Univ., Biology Series 


Bulletin of the Moscow University, Biology and 
Soil Science Series 

Bulletin of Ophthalmology 

Bulletin of Otorhinolaryngology 

Bulletin of Roentgenology and Radiology 

Bulletin of Venereology and Dermatology 

Veterinary Science 

Wine-Making and Viticulture 

Clinical Problems 

Problems of Medical Chemistry 

Problems of Medical Virology 

Problems of Neurosurgery 

Problems of Oncology 

Problems of Nutrition 

Problems of Psychology 

Problems of Virology 

Medical Profession 

Factory Laboratory 

Journal of Microbiology, Epidemiology, and 
Immunobiology 

S. S. Korsakov Journal of Neuropathology and 
Psychiatry 

Journal of General Biology 

I, P, Pavlov Journal of Higher Nervous 
Activity 

Journal of Zoology 
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For the first time in English . 


RESEARCH ON 
NOVOCAIN THERAPY 
IN OLD ACE 


American researchers and physicians can now judge for 
themselves the significance of the dramatic results of novocain 
therapy in maladies of old age, as reportedby Dr. Anna Aslan, 
Director of the Institute of Geriatrics, Bucharest, Rumania, 
and her co-workers. 


These seven papers, now in complete English translation, 
originally appeared in the West German journal “Die Therapiewoche.” 
The authors report the results of large-scale clinical applica- 
tion of novocain injections for treatment of the sequelae of old 
age. The research has continued over a seven-year period and 
has covered more than 5,000 people. Dr. Aslan and her col- 
leagues claim to have achieved a reversal of phenomena 
previously considered irreversible, e.g., in cerebral arterio- 
sclerosis; they report sustained improvement in senile Parkin- 
sonism, ichthyosis and senile Keratosis, and a reduction in 
arteriosclerotic symptons. 


These reports have been translated and published in English 
so that they can be more readily subjected to objective analysis 
and evaluation by qualified scientists and physicians. 


TITLES OF REPORTS 


A New Method for Prophylaxis and Treatment of Aging with 
Novocain—Eutrophic and Rejuvenating Effects © Prevention and 
Treatment of Diseases of the Aged— Views Concerning Treatment 
of Old Age ® Biochemical and Physiological Criteria of Aging and 
Effects Thereon by Treatment, as a Measure of Rehabilitation @ 
Recent Experiences on the Rejuvenating Effect of Novocain To- 
gether with Experimental, Clinical and Statistical Proof ® Results 
of Treatment with Novocain in Dysmetabolic Arthropathies ¢ Sig- 
nificance of Biomorphosis for Aging, Disease and Rejuvenation @ 
First Experiences with Novocain Therapy of Old People. 


The Complete Collection $12.50 


CONSULTANTS BUREAU, INC. 


227 WEST 17TH STREET. NEW YORK 11, N. Y 
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THOUSANDS OF JOURNALS 


throughout the world are publishing 
significant research papers in 


Experimental Siolegy 
aud Medicine 


4 any one of which might be of 

“ vital interest to you 

: How do you keep posted on current advances in your field? No 
; individual possibly could read it all in the original even if the journals 
. ¢ were available to him. Biological Abstracts does this arduous task for 
; ar re you. Currently publishing more than 40,000 abstracts of research 

ill wg al papers in biology, it plans gradually to expand its coverage to 80,000 

ae as within the next ten years in order to keep pace with the ever-increasing 
output of biological literature. 

4 AO Biological Abstracts, a cooperative, non-profit undertaking, is pub- 
. phy lished by biologists for biologists in a complete edition covering all 
i : ¥ fields of biology, and five low-priced sectional editions that are specially 
designed for individual use. Two of these sectional editions have 
i oy ie Zoe particular value for those working in Experimental Biology and 

ee % SECTION B—cach month 1,200 to 1,500 abstracts of research 
3 / A papers in Animal Physiology, Pharmacology, Morphology and 

Pathology, exclusive of Microbiology, are published. 

E - SECTION C—each month some 450 to 550 research papers in 
Microbiology, including General Bacteriology, Medical Bac- 
teriology, Viruses, Pathogenic Fungi, Chemotherapy, Immu- 
nology, Public Health, Industrial Microbiology, and Parasi- 
a tology are abstracted. 

‘ Individuals are allowed a discount of 50%, off the list prices of the 
A sectional editions if the subscriptions are for their personal use. 

4 Sample copies and complete information 


will be sent upon request. 


: BIOLOGICAL ABSTRACTS, University of Pennsylvania 
3815 Walnut Street, Philadelphia 4, Pa. 
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